Clemson University

TigerPrints
All Theses

Theses

5-2013

Food Handling, Hygiene, and Sanitation Practices
in the Child-Care Environment in North Carolina
and South Carolina
Xi Chen
Clemson University, xchen3@g.clemson.edu

Follow this and additional works at: https://tigerprints.clemson.edu/all_theses
Part of the Public Health Commons
Recommended Citation
Chen, Xi, "Food Handling, Hygiene, and Sanitation Practices in the Child-Care Environment in North Carolina and South Carolina"
(2013). All Theses. 1572.
https://tigerprints.clemson.edu/all_theses/1572

This Thesis is brought to you for free and open access by the Theses at TigerPrints. It has been accepted for inclusion in All Theses by an authorized
administrator of TigerPrints. For more information, please contact kokeefe@clemson.edu.

FOOD HANDLING, HYGIENE, AND SANITATION
PRACTICES IN THE CHILD-CARE ENVIRONMENT
IN NORTH CAROLINA AND SOUTH CAROLINA

A Thesis
Presented to
the Graduate School of
Clemson University

In Partial Fulfillment
of the Requirements for the Degree
Master of Science
Food, Nutrition, and Culinary Sciences

by
Xi Chen
May 2013

Accepted by:
Dr. Angela Fraser, Committee Chair
Dr. Xiuping Jiang
Dr. Felix H. Barron

ABSTRACT
Introduction: Children between the ages of 37 and 54 months enrolled in child-care
facilities (CCFs) are reported to be 2.3 to 3.5 times more likely to experience an acute
gastrointestinal illness (AGI) than are children cared for in their own home. Identifying
potential risk factors for the transmission of enteric pathogens in CCFs is essential to the
prevention of AGI.
Methods: A convenience sample of CCFs in North Carolina and South Carolina was
recruited to participate in this study. A survey was administered to all CCF directors to
collect information about facility characteristics, meal preparation, staff training, hygiene
policies and procedures, and the health status of staff and children. In each facility, the
sanitary conditions of two classrooms (infant [0-11 months old] room, toddler [12-35
months old] room, or combined [3-5 years old] room) and the food preparation area were
assessed. Floor plans of all audited classrooms were also prepared. Trained data
collectors used iPods to record hand-touch events of one child-care provider (CCP) for 45
minutes in each of the audited classrooms. Follow-up telephone interviews with the CCF
directors were conducted to collect information about the use of hand sanitizers, surface
sanitizing practices, carpet and rug cleaning practices, and flooring materials.
Results: Forty (40) CCFs (31 child-care centers and 9 day-care homes) participated in
the study. Of 10,134 hand-touch events observed in 51 classrooms, 4,563 occurred on
porous surfaces; 4,024 occurred on nonporous surfaces; and 1,547 occurred on bare-skin
with average of 198.7 hand-touch events per provider. The overall handwashing and
diaper-changing compliance rates in both states were 3.5% and 8.8% respectively. Forty-
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nine percent (25/51) of audited classrooms had handwashing sinks adjacent to the diaperchanging area. About 55% (28/51) of classrooms had hands-free trash cans adjacent to
the diaper-changing area. Disposable sheets were used on diaper-changing surfaces in
only 8.8% (3/34) of diaper-changing events. About 41% (13/32) the temperature inside
the food preparation refrigerator was at 41°F or lower. About 83% (25/30) of facilities
reported using chlorine bleach solution to disinfect a surface.
Conclusions: Low handwashing compliance (3.5% [5/142]) with the CDC handwashing
guidelines and low diaper-changing compliance (8.8% [3/34]) with the CDC diaperchanging guidelines were observed in this study. Child-care providers had frequent
contacts with children’s clothes (an average of 34.2 times per observation), food-contact
surfaces (an average of 18.6 times per observation), and children’s hands (an average of
9.8 times per observation). The mean hygiene score of 51 classrooms was 7.7 out of 8.
The mean hygiene score of 32 food preparation areas was 7.3 out of 10. Improvement in
maintaining temperature of refrigerator at 41°F or lower is needed. Sanitation practices
varied among facilities, which may indicate a need of universal hygiene and sanitation
standards for CCFs.
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CHAPTER ONE
INTRODUCTION

Between 2001 and 2006, diarrheal episodes each year caused hospitalizations in
50 per 10,000 U.S. young children (younger than five years of age), emergency room
visits in 180 per 10,000 young children, and outpatient visits in 1,332 per 10,000 young
children (Cortes et al., 2009). The relationship between child-care attendance and
increased risk of acute gastrointestinal illness (AGI) is well documented. Lu et al. (2004)
reported that children cared for in child-care facilities are 2.3 to 3.5 times more likely to
experience AGI than are children cared for in their own home.
AGI in child-care facilities is of growing concern due to the increasing number of
U.S. children enrolled in out-of-home child-care facilities (CCFs) as a result of the
increased number of women employed outside of the home. The Bureau of Labor
Statistics reported that the percentage of employed mothers with children younger than
six years of age increased from 39% to 63.6% between 1975 and 2008 (Bureau of Labor
Statistics, 2009). In 2005, 73% of the 19.6 million U.S. children under the age of five
who were not enrolled in kindergarten, spent an average of 35 hours per week in an CCF
(National Association of Child-Care Resource & Referral Agencies, 2010; U.S. Census
Bureau, 2010). In 2010, 25% of U.S. children younger than five years of age regularly
attended two or more child-care arrangements, which may increase their risk of
contracting an AGI due to their increased exposure to other children (U.S. Census, 2011;
Morrissey, 2012).
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Children cared for in CCFs are at higher risk of contracting AGI compared to
children cared for in their own homes (Brady 2005; Lu et al., 2004). Recent research
suggests that AGI of viral etiology is more often transmitted via contact with infected
individuals, while that of bacterial etiology is primarily transmitted via food (Ethelberg et
al., 2006). In child-care environments, there are frequent opportunities for the
transmission of AGI pathogens that cause AGI to occur. Mouthing behaviors of children
(putting fingers into the mouth), cross-contamination between hands and food when
child-care providers are responsible for both diapering and food handling, and inadequate
hygiene practices of child-care providers followed by frequent physical contact of childcare providers with children and environmental surfaces can increase the probability of
transmitting enteric pathogens in child-care environments (Lee & Grieg, 2008; American
Public Health Association, 2004; Sullivan et al., 1984).
In addition to public health concerns, episodes of AGI in child-care facilities can
financially impact the facilities and the families of the infected children. For a family, the
cost of having an ill child excluded from child care includes medication, physician visits,
and providing alternative care for the child (e.g. lost wages by staying home with the
child or the cost of another child-care provider). For a child-care facility, financial
impacts include the costs of implementing measures for infectious disease control (e.g.
additional cleaning and disinfecting) and lost income from excluded children (Carabin et
al., 1999; Hardy et al., 1994; Pichichero et al., 1998). As estimated by Carabin et al.
(1999), the total cost of one episode of cold, diarrhea, or vomit in child-care facilities
averaged $260.70 per child.
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The public health impacts of AGI on children enrolled in child-care facilities and
the economic impacts on child-care facilities and children’s families justify the need to
conduct research on improving food handling, hygiene, and sanitation practices of childcare workers in child-care environments. The goal of this study was to identify potential
risk factors for spreading enteric pathogens in child-care environments. The specific
objectives were:
1. Assess the sanitary conditions of classrooms and food preparation areas in
child-care facilities in North Carolina and South Carolina;
2. Record the hand-touch events of child-care providers in child-care facilities;
and
3. Characterize the hygiene and sanitation practices of child-care providers in
child-care facilities.
The research questions corresponding with these research objectives were:
Objective 1:
1. Did the sanitary conditions of classrooms meet the state child-care regulations
of North Carolina and South Carolina?
2. Did the sanitary conditions of food preparation areas meet the 2009 U.S. Food
Code?
3. Were handwashing sinks adjacent to the diaper-changing areas?
4. Were there trash cans adjacent to the diaper-changing areas?
5. Were trash cans for dirty diapers hands-free?
6. Were carpets installed in the diaper-changing areas?
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7. Were carpets installed in the food preparation areas?
Objective 2:
8. What surfaces in classrooms did child-care providers touch during the
observation period?
Objective 3:
9. Was each step of handwashing and diaper-changing practices performed by
child-care providers in compliance with the CDC handwashing and diaperchanging guidelines?
10. How were dishes usually cleaned in child-care facilities?
11. What sanitizer was usually used to sanitize an eating or a diaper-changing
surface and how was it prepared?
12. How and how often were carpets and rugs cleaned?
13. What type of flooring was installed inside classrooms?
The answers to these questions were used to identify potential risk factors for
spreading enteric pathogens that cause AGI in the child-care environment.
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CHAPTER TWO
LITERATURE REVIEW
Introduction
Child care is an integral part of U.S. society. The National Association of Child
Care Resource and Referral Agencies (2009) defines child care, or day care, as
“providing care and/or supervision for children and their daily needs, in a home or
center setting, for children from one month of age through twelve years.” In 2005, 61%
of U.S. children from birth to six years of age were reported to have spent time in nonparental child care (Child Trends Databank, 2005). Children with employed mothers are
estimated to spend more time in child care (25 to 33 hour per week) than are children
with unemployed mothers (approximately 19 hours per week; Lynda, 2010). The odds
ratio (OR) of a child contracting an ear infection, respiratory or intestinal problem
increases significantly (p < 0.001) from 1.01 to 1.03 when he/she spends one additional
hour in a child-care center (Morrissey, 2012).
The close and frequent personal contact between children in child-care settings
provides many opportunities for the spread of pathogens, particularly those that cause
enteric and respiratory diseases (Isakbaeva et al., 2005; Morrissey, 2012). One study
published in 1985 provided compelling evidence that showed higher illness rates for
children cared for in child-care centers versus those cared for in daycare homes (Bartlett
et al., 1985). These investigators reported that the incidence rate of diarrheal illness in
infants and toddlers enrolled in child-care centers (42 cases per 100 child-months) was
significantly higher than in daycare homes (27 cases per 100 child-months).
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Lu et al. (2004) also estimated that children cared for outside the home are
between 2.3 and 3.5 times more likely to experience an episode of diarrhea compared to
those cared for in their own home, presumably because of their exposure to a large
number of children. Similarly, employed mothers whose children were enrolled in a
child-care center, were reported more likely to be absent from work due to their child
having more frequent illness episodes than a child who was cared for in a small day-care
home (six or fewer children) especially during the first year of the child’s attendance at
the child-care center (Gordon & Kaestner, 2005; Gordon & Kaestner, 2008). Lu et al.
(2004) also reported that children under 18 months of age who attended child care and
were covered by the Medicaid program were at the greatest risk for diarrheal illness. As
well, Wahl et al. (2011) confirmed that the diarrhea attack rate was highest among
children younger than three years old compared with children between the ages of four
and five. According to the National Institute of Child Health and Human Development
(2003), rates of AGI were higher in children aged 37 to 54 months enrolled in a larger
child-care center (one having more than six children), as compared to a smaller facility
(one enrolling less than six children). A case-control study conducted by the CDC
reported that attendance at a child-care facility in which at least one other child had
diarrhea was a risk factor for Salmonellosis in infants younger than six months of age
(Jones et al., 2006). Another case-control study conducted by Younus et al. (2010) also
suggested that Salmonella infections in children under the age of five were associated
with attendance at a day care center. However, Morrissey (2012) found that the changes
in exposure of a child to his/her peers in child care were not associated with changes in
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reported intestinal problems. In addition, Yalcin et al. (2004) reported that children who
attended only one facility and had longer periods of attendance at the facility tended to
have a lower risk of general infection episode. Potentially disputing evidence comes from
a Danish prospective cohort study, in which there was no link between child care and
increased risk of gastrointestinal illness resulting in hospitalization (Jorgensen, et al.,
2008). This may be due to the differences between Denmark child-care system and the
U.S. child-care system. In Denmark, child care is publicly subsidized for all families but
in the U.S. this is usually not the case. Also, in Denmark whether children are
hospitalized is determined by the severity of the symptoms not by economic
considerations due to Denmark’s free health care system, which includes hospitalization.
In the U.S., parents of ill children have to pay for any associated costs. However, this
study did not examine if there was increased risk of non-hospitalized acute gastroenteritis
in these same children.
In addition to the obvious public health impacts of AGI, cases and outbreaks in
young children can be very costly to a child’s family and to the child-care facility. Based
on their survey of 379 parents of ill children, Carabin et al. (1999) estimated a cost of at
least $270 per child per episode of cold, diarrheal, or vomiting symptoms. These costs
included medication, physician visits, lost wages for missed work to care for a sick child,
costs for alternative care, lost income for the child-care center, and costs associated with
implementing infection control measures. Families also were reported to have paid an
additional $100 in alternative child care. Chen et al. (2011) estimated a much lower loss
of family income than did Carabin et al. (1999), $28 per household associated with a
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child-care center closure due to an influenza outbreak. However, Chen and colleagues
further estimated the cost to the facility, which was high. A three-day closure resulted in
additional staff time that totaled 6,573 hours (69 hours per person over a 10-day period),
most of which was dedicated to ensuring facility hygiene and answering health status
inquiries. Compare this to a normal work-week consisting of 35-40 hours per person and
it becomes evident that the cost of an outbreak in a child-care facility can become quite
high. The cost of diarrhea-associated hospitalizations or outpatient visits among children
younger than five years of age are even higher. In 2001, Zimmerman et al. estimated that
the median cost of a diarrhea-associated hospitalization in a child (younger than the age
of five) was $2,307 and the median cost of an outpatient visit was $47. Similarly, Cortes
et al. (2009) estimated that for children under the age of five infected with rotavirusassociated diarrhea, the median costs of hospitalization, emergency department, and
outpatient visit were $3,135, $332, and $90, respectively.
The proper use of infectious disease control measures is the best way to prevent
AGI and reduce associated costs. For example, Duff et al. (2000) evaluated the cost and
functionality of a multidimensional infection control program in one child-care center.
These researchers estimated that the program cost the facility an additional $2,400
annually but the intervention reportedly saved the center $240 per child per year. If one
used Carabin and colleagues estimated cost of illness per child ($200), the cost of an
infection control program would be offset entirely if twelve or more children were to
accrue a benefit. Similarly, Ackerman et al. (2001) estimated the impact of an infection
control education program (ICEP) in a specialized preschool setting. In the study’s
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baseline year, the mean cost of illness was estimated to be much higher, $1,235 per child,
of which 68% and 14% were attributed to productivity losses and physician visits,
respectively. In the intervention year (when the ICEP was implemented), the mean cost
of illness per child was $615, of which 71% was for productivity losses and 20% for
physician visits. In total, the authors of the study suggested that the reduction in the cost
of illness offset the cost of implementing the ICEP. For the purposes of infectious
diseases control and prevention in child-care facilities and reducing associated cost, the
implementation of an infectious disease control program is needed. Such a program
includes education and evaluation of the knowledge of teachers and aides on disease
transmission, hand washing, and cleaning and disinfection techniques; education on the
use of dilutions of cleaners and disinfectants for facility’s environmental service staff;
and education on disease transmission, hand washing, gloving, and toy cleaning and
disinfection procedures (Krilov et al., 1996).

Etiological Agents Causing Gastrointestinal Illness in Child-Care Settings
In order to understand how to manage AGI in child-care settings, one must first
identify the etiological agents causing AGI in child-care settings. In their comprehensive
review of English-language journals and public health records, published between 1996
and 2006, Lee and Greig (2008) identified 75 reported enteric outbreaks representing a
total of 946 confirmed cases that occurred in child-care settings (Table 2.1). More than
93% of identified outbreaks were attributed equally to bacteria and viruses, whereas, viral
agents were responsible for most (55.7%) cases. Only 6.6% of reported outbreaks were
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attributed to parasitic protozoa. A similar study conducted in Denmark reported that
when excluding 222 cases of unknown etiology, 45% of 161 cases were caused by
bacterial agents and the remaining 55% were caused by viruses (Ethelberg et al., 2006).
From 1998 to 2008, 51 foodborne disease outbreaks were reported to have occurred in
child-care centers (need to state this earlier in your review). Bacteria were the etiological
agent of 28 outbreaks, resulting in 1,286 cases and 74 hospitalizations. Viruses caused
nine outbreaks, resulting 337 cases and one hospitalization. The etiological agents for the
remaining fourteen outbreaks were unknown, resulting 324 cases and two
hospitalizations. The limitation of the FoodNet data is reporting is voluntary so
underreporting is likely to occur.
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Table 2.1. Pathogens and morbidity data linked to 75 diarrheal outbreaks associated with
child-care centers (Lee & Greig, 2008)

Pathogen

Number Of
Outbreaks
(%)

Number
Of
Illnesses

20 (26.7)
6 (8.0)
4 (5.3)
1 (1.3)
1 (1.3)
1 (1.3)
1 (1.3)
1 (1.3)
35 (46.7)

299
176
139
42
20
19
6
15
716

227
125
22
16
15
1
0
0
406

64
4
5
0
0
0
0
2
75

8 (10.7)
8 (10.7)
7(9.3)
3(4.0)
2(2.7)
2(2.7)
2(2.7)
1(1.3)
2(2.7)
35 (46.7)

172
213
268
116
35
30
30
39
103
1006

126
33
168
38
4
3
26
39
44
481

2
0
8
0
0
0
0
13
6
29

2(2.7)
2(2.7)
1(1.3)
5(6.7)
75 (100)

47
22
15
84
1806

40
15
4
59
946

0
0
0
0
104

Confirmed
Number
Cases Hospitalized

Bacteria
Escherichia coli
Salmonella spp.
Shigella spp.
Yersinia enterrocolitica
Campylobacter jejuni
Staphylococcus aureus
Bacillus cereus
Unknown
Subtotal
Viruses
Hepatitis A virus (HAV)
Norovirus
Rotavirus
Astrovirus
Calicivirus
Adenovirus
Sapovirus
Echovirus
Multiple organisms
Subtotal
Parasites
Cryptospordium
Giardia spp
Blastocystis
Subtotal
Total
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Other published studies support the prevalence of viral-borne AGIes in the childcare setting. For example, Ferreira et al. (2012) assessed the frequency of the presence of
viruses in a child-care center in Brazil by analyzing 539 fecal samples collected from 23
outbreaks and sporadic cases that occurred between 1994 and 2008. They identified
viruses in 47.7% (257/539) of the samples. They detected rotavirus group A, norovirus,
and astrovirus in 16.1% (87/539), 33.4% (151/452), and 6.3% (19/301), respectively.
Rosenfeldt et al. (2005) identified viruses as the etiological agent in 69% of 98 diarrheal
illness cases in nineteen Danish child-care centers with rotavirus causing the vast
majority (40%) of these illnesses. In their study of 29 acute gastroenteritis outbreaks in
child-care centers in North Carolina between 2005 and 2007, Lyman et al. (2009)
reported that 13/29 (45%) were caused by a single virus, including rotavirus group A
(17%), norovirus (10%), astrovirus (10%), and sapovirus (7%). In three outbreaks that
were studied, the investigators detected multiple viruses. Akihara et al. (2005) also
provided evidence that astroviruses, genogroup II human noroviruses, enteric adenovirus,
and sapoviruses were responsible for symptomatic and asymptomatic gastroenteritis in
infants enrolled in a child-care center in Japan. The study by Akihara et al. (2005)
reported that of 88 fecal samples from infants with acute AGI, 51.1% (45/88) were
positive for viruses. Of all positive samples, 15.9% (14/88) were positive for astrovirus,
which were the most prevalent, followed by norovirus GII (14.8%, 13/88), adenovirus
(12.5%, 11/88), and sapovirus (2.3%, 2/88). A study by Ferson et al. (1997) provided
evidence that rotavirus was responsible for asymptomatic and symptomatic AGI in a
child-care center in Australia. These investigators reported that 3.6% (59/1,653) samples
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were positive for rotavirus. Gabbay et al. (1999) reported that 64 children attending a
child-care center in Brazil fell ill due to gastroenteritis associated with group C rotavirus.
Astrovirus serotype 1 was attributed to be the etiological agent for 27 children’s AGIes at
a separate Brazilian child-care center (Silva et al. 2001). Hepatitis A virus was also
reported by McFarland et al. (2001) as the etiological agent for twelve child AGI cases in
one primary school and one nursery school in the United Kingdom.
Additional, a systematical literature review was conducted to identify AGI
outbreaks that occurred in U.S. child-care facilities after 2006. A summary of these AGI
outbreaks (n=51) is presented in Table 2.2. Of these outbreaks, 17.6% were caused by E.
coli O157: H7, resulting in 103 cases. Cryptosporidium was the causal agent of 3.9% of
the outbreaks, resulting in 74 cases. Astrovirus caused 1.9% of outbreaks, resulting in 26
cases. Shigella caused 1.9% of outbreaks, resulting in nine cases. Norovirus caused 49%
of outbreaks, resulting in at least 6,627 cases. Transmission routes were identified in
eleven outbreaks. The fecal-oral route was associated with six outbreaks, person-toperson (four outbreaks), and recreational pool water (one outbreak). In addition a
summary of cases reported to CDC FoodNet is in Table 2.3.
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Table 2.2. Summary of published papers describing AGI in U.S. child-care centers (n=51) between 2006 and 2010

14

Etiological Agent

Cases

Cryptosporidium
E. coli

18
8

Transmission
Route
Fecal-oral
Person-to-person

E. coli O157:H7

29

Not reported

Norovirus

18

Fecal-oral

E. coli O157:H7

4 (1 death)

Person-to-person

E. coli O157:H7

14

Not reported

Norovirus

6,168

Fecal-oral

Astrovirus

26

Not reported

Shigella

9

Fecal-oral

Control Measures

Reference

Not reported
Closure

Bernhard (2010)
Curran (2010)

Closure of center until none
show symptoms

Falkenstein (2010)

Improved hand washing and
sanitation; exclude ill children
and staff
Closure
Separated children with
symptoms
Not reported
Exclusion of symptomatic
children; mandated testing of
all symptomatic staff ; testing
of symptomatic children; and
temporary closing of the
facility.
Hand washing, food
preparation hygiene, send sick
staff home, separate food and
diapering areas

Ghosh et al. (2010)
Mallove (2010)
Nieto (2010)
Doyle et al. (2009)

Finkbeiner et al.
(2009)

Ghosh et al. (2009)

Cases

Transmission
Route

Control Measures

Reference

29 (outbreaks)

Fecal-oral

Not reported

Lyman et al. (2009)

11
22
41
6

Fecal-oral
Not reported
Person-to-person
Not reported

Parker et al. (2009)
Whitney et al. (2009)
Doyle et al. (2008)
Rafaelli et al. (2007)

E. coli O157:H7

11

Not reported

Not reported
Closure and strict cleaning
Closure and cleaning
Not reported
Staff education, hand
washing, and cohorting or
exclusion of attendees with
diarrhea

E. coli O157:H7

6

Person-to-person

Not reported

Cryptosporidium

56

Recreational pool
water

Not reported

Etiological Agent
Rotavirus group A
(17%)
Norovirus (10%)
Sapovirus (7%)
Multiple viruses
(10%)
E. coli O157:H7
E. coli O157:H7
Norovirus
E. coli O157:H7
15
a

Also occurred in the community.

Raffaelli et al. (2007)
Turabelidze et al.
(2007)
Turabelidze et al.
(2007)a

Table 2.3. Summary of CDC data on foodborne illness outbreaks in child-care centers
between1998 and 2010

Number of
Outbreaks

Bacteria

Etiological Agent
Viruses
Unknown

30

9

Total

14
53

Total Ill

1,314

337

324

1947

77

1

2

77

0

0

0

0

Total Hospitalized

Total Deaths
Implicated Foods

Brownies
Lettuce-based
Cantaloupe
Salads
Chicken and
rice
Chicken lo mein
Green beans
Ground beef
Hard boiled
eggs
Honeydew
melon
Strawberries
Turkey
Watermelon
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Buffalo wings
Chicken
Coleslaw
Macaroni and
cheese
Pizza
Pork, BBQ
Salads
Turkey sandwich

In 1991, Glass et al. estimated that 325 to 425 U.S. children younger than five
years of age died of illness attributed to diarrhea. More recently, Esposito et al. (2011)
estimated that an average of 369 children under the age of five died of diarrhea per year
during 1992–1998 and 2005–2006. Lee and Greig (2008) reported two deaths as a result
of E. coli O157:H7 in child-care settings. With respect to hospitalizations, Lee and Greig
(2008) reported that for the 75 outbreaks they reviewed, there were 104 total
hospitalizations. Seventy-three (73) of these were caused by known bacterial agents, the
majority of which were associated with pathogenic E. coli (E. coli O157:H7 in 40 cases,
E. coli O126:H11 in 24 cases), followed by Shigella (5 cases), and Salmonella (4 cases).
Whereas, only twenty-nine (29) hospitalizations were caused by viral agents [echovirus
(13 cases); rotavirus (8 cases); multiple viral agents (6 cases); hepatitis A virus (2 cases)].
While viral agents are a more common cause of AGI in child care, bacterial agents still
result in more cases of hospitalizations. Similarly, Cortes et al. (2009) estimated that
between 2001 and 2006, an average of 50 per 10,000 children younger than the age of
five were hospitalized due to rotavirus-associated diarrhea illness annually.

Pathogen Transmission in Child-Care Settings
In their comprehensive review, Lee and Grieg (2008) identified that person-toperson contact as the most common transmission route for enteric pathogens, responsible
for 40% of outbreaks associated with viral agents, 43% for outbreaks associated with
bacterial agents, and 60% for outbreaks associated with parasitic agents (Table 2.1). Of
35 bacteria-associated outbreaks, 29% (10/35) were foodborne, 11% (4/35) were
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transmitted via animals, 3% (1/35) was transmitted via other route. The transmission
routes of 14% (5/35) of bacteria-associated outbreaks were unknown. The transmission
routes of 51% (18/35) of virus-associated outbreaks were unknown. Six percent (2/35) of
virus-associated outbreaks were transmitted via food and three percent (1/35) was
transmitted via other route. Twenty percent (1/5) of parasite-associated outbreaks was
transmitted via animals while the transmission route of twenty percent (1/5) of the
outbreak was unknown.
Several risk factors unique to child-care settings can enhance pathogen
transmission. For example, the presence of diapered children can increase the likelihood
of pathogen transmission between providers and children, or between children
themselves, by virtue of close and frequent proximity to fecal material, the most common
source of enteric pathogens (Arvelo et al., 2009). Of particular concern is the potential
for spreading pathogens via providers’ hands and clothing, through common use of
diaper-changing tables and leakage from diapers (Sullivan et al., 1984). Additionally,
there is the potential for fecal contamination of fomites when children share toys, eating
utensils, and blankets. Another source of contamination is allowing diapered children to
crawl on carpeted surfaces, which can become contaminated and subsequently are never
properly disinfected. Finally, the common mouthing behavior of young children (from
birth to 23 months old) further can also increase the spread of enteric pathogens in childcare settings (Moya, Bearer, & Etzel, 2004).
Contaminated food is also of concern even though it is cited as the cause of AGI
in 29% of reported outbreaks in child-care settings (Lee & Greig, 2008). To begin with,
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young children (under four years of age), with their immature immune systems, are more
susceptible to many common foodborne pathogens (Buzby et al., 2001; Enke et al., 2007).
Secondly, the storage, preparation, and service of foods in child-care settings may be left
to relatively unskilled employees who have inadequate training in hygiene, sanitation,
and safe food handling practices thus increasing opportunities for foods to become
contaminated and for this vulnerable population to be exposed to foodborne pathogens.
Another concern is that child-care workers who diaper infants and assist children with
toileting might handle food without following proper hygiene and sanitation practices.
Mohle-Boetani et al. (1995) conducted a case-control study to compare the relationship
of staff to the incidence of Shigellosis between six child-care centers with cultureconfirmed cases of Shigellosis and thirteen centers without cases of Shigellosis. They
found that all centers with confirmed cases of Shigellosis had a food handler who
changed diapers while only 46% (6/13) of centers without confirmed cases of Shigellosis
had a food handler who changed diapers. The association between the food preparer who
change diapers was also reported by Lemp et al (1984). These researchers reported the
incidence rate of diarrhea was 3.28-fold higher in child-care centers where staff were
responsible for both preparing/serving food and providing care (including changing
diapers) to children on a daily basis compared with centers where staff were only
responsible for either food preparation or providing care (including changing diapers) to
children.
An additional and perhaps emerging transmission route for AGI in young children
is contact with farm and domestic animals. Contact with farm animal fecal matter or that
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of common household pets, has been shown to increase the risk for enteric diseases (CDC,
2001). The CDC (2005) reported outbreaks in child-care centers have resulted from day
trips to local farms or petting zoos. For example, a nursery school visit to a dairy farm
resulted in twenty children and three adult helpers becoming infected with
Campylobacter jejuni (Evans et al., 1996).

Environmental Contamination. Generally, viruses and encysted parasites are more
resistant than enteric bacteria to unfavorable environmental conditions, but all pathogens
can survive long enough for transfer of an infectious agent from a contaminated surface
to another individual (Todd et al., 2009). Therefore, it is important to understand the
likelihood of pathogen contamination in child-care environments and pathogen-specific
survival rates.
The transmission of pathogens between toys and children’s hands well
documented. Merriman et al. (2002) found that in the waiting rooms of six general
practitioners, 90% of 10 soft toys and 13.5% of 22 hard toys were contaminated with
fecal coliforms. Similarly, Avila-Aguero et al. (2004) reported that of 70 toys of children
admitted in a pediatric hospital, 78% were tested positive for coagulase-negative
Staphylococcus, 37% were tested positive for Bacillus spp., 18% were tested positive for
Staphylococcus aureus, 11% were tested positive for alpha-hemolytic Streptococcus, 9%
were tested positive for Pseudomonas spp., and 3% were tested positive for
Stenotrophomonas. Chaidez et al. (2011) conducted an intervention study with 40
children to investigate the contamination of children’s toys and their hands during play.
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These researchers detected fecal coliforms on both toys and children’s hands. Klebsiella
pneumonia was found on hands at a mean concentration of 2.4 × 104 log CFU/50 cm2 and
at a mean concentration of 2.7 × 102 log CFU/50 cm2 per toy. E. coli was found at a mean
concentration of 2.4 × 102 log CFU/50 cm2 per toy. Hence, environmental contamination
by enteric bacteria and viruses on shared objects such as toys in the child-care setting
provides the opportunity for ingestion of enteric pathogens, especially in infant and
toddler rooms, where children due to their age are more likely to put their fingers in their
mouths.
Since 1983, twelve studies have been conducted to determine the microbial load
on various surfaces in child-care facilities (Table 2.4). Ekanem et al. (1983) recovered
fecal coliforms from 32% (42/131) of hand samples and 36% (23/64) of environmental
samples taken from five child-care centers. Similarly, Van et al. (1991) isolated fecal
coliforms from 46% of toy samples (73/159) and 17% of hand samples (131/771) from
six child-care centers. In both studies, samples were collected after a reported AGI
outbreak. Under non-outbreak circumstances, Weniger et al. (1983) found far fewer
positive samples, 4.3% (17/398) of their environmental samples were positive for fecal
coliforms
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Table 2.4. Summary of microbiological surveys (n=12) conducted in child-care facilities between 1983 and 2008

Authors

Cosby et
al. (2008)

Microorganisms
Tested
•
•
•

22
Staskel et
al. (2007)

•

Aerobic plate
count
E. coli/coliforms
27 different
types of bacteria
were identified,
mostly of which
were
opportunistic
pathogens.
S. paratyphi A
and Klebsiella
pneumonia as
nonopportunistic
pathogens were
also identified.

Study
Period

8
monthsa

NSb

Number of
Facilities

Number and Type of
Samples

Findings

6

288 from three foodcontact surfaces and one
non-food-contact surface

No correlation between
contamination and illness was
made.

167 from faucets, sinks,
trash can lids, cutting
boards.

Most common areas of
bacterial contamination were
sink drain area of dishwashing
sink, hand-washing sink faucet
handles handle of garbage can
lid, and cutting boards.

36

Authors

Microorganisms
Tested

Study
Period

Number of
Facilities

Number and Type of
Samples

Findings

•

Bellamy et
al. (1998)

Influenza A virus

2.5
years

14

218 (fomites from
kitchens, play areas,
living areas, and
bathrooms).

•
•
•
•
•
•

Two, 5
week
sessions

17d

448 (toilets, washbasins,
baths, telephone, babies,
and kitchen)

23

Boone &
Gerba
(2005)

Enteroviral RNA
Hemoglobin
Amylase
Saliva
Sweat
Protein

Influenza virus was
detected on 23% samples
in fall and 53% samples in
spring.
• No virus was detected
from home samples
collected during summer
and was detected in 59%
of samples collected in
March.
Enteroviral RNA was
identified in samples,
indicating the presence of
virus in 3/448 samples, which
were collected from a tap
handle, telephone hand piece,
and toilet bowl.

Authors

Laborde et
al. (1993)

24

Butz et al.
(1993)

Microorganisms
Tested

Fecal coliforms

•
•
•

Rotavirus
Aerobic plate
count
Total fungal
counts

Study
Period

7
months

6
monthsd

Number of
Facilities

Number and Type of
Samples

Findings

24

Number not specified
(samples were collected
from hands, faucets,
sinks, diapering tables,
floors, and toys)

Significant predictors of
diarrheal risk were associated
with hand contamination
(p=0.003) and number of
contaminated moist sites
(hands, faucets, and sinks)
(p=0.006).

2

96 (samples were
collected from high-touch
fomites, water, and play
tables)

18/96 samples were positive
for rotavirus, which were
collected from the phone
receiver, drinking fountain,
water-play table, and toilet
handles in both centers.

Authors

Microorganisms
Tested

Study
Period

Number of
Facilities

Number and Type of
Samples

Findings

•

Wilde et al.
Rotavirus
(1992)

3
months

4

25
Van et al.
(1991)

Fecal coliforms

9 weeks

4

122 (samples were
collected from floors,
diaper change areas, and
toys)

2946 (inanimate objects,
toy balls, and hands)

•

In two centers with
reported rotavirus
outbreaks, detectable
number of rotavirus was
found in samples collected
from 7/18 toy balls and
8/39 swabs collected from
environmental surfaces.
1/21 toy balls and 1/44
environmental surface
swabs had detectable
rotavirus in centers without
rotavirus outbreaks
(P=0.0001).

Fecal coliforms were isolated
from samples collected from
307 inanimate objects (15%),
73 toy balls (46%), and 131
hands (17%).

Authors

Microorganisms
Tested

Study
Period

Number of
Facilities

Number and Type of
Samples

Findings

•

Fecal coliforms

Ekanem et
al. (1983)

•
•
•
•

13
weeks

6

2953 (inanimate objects
and hands)

5

Not specified (samples
were collected from
hands, air, environmental
surfaces. Stool samples
were taken during
outbreaks

1

25 (samples collected
from environmental
surfaces and hands of
teachers).

26

Van et al.
(1991)

Keswick et
al. (1983)

Fecal coliforms
Giardia
Shigella
S. Typhimurium

Rotavirus

9
months

NSb

Fecal coliform
contamination common
and greater (P<0.05) in
shared objects, toy balls,
and children’s hands in
toddler rooms compared
with that in infant rooms.
• Occurrence of diarrhea
was significantly
associated with increased
hand contamination
(P=0.001).
During outbreaks of diarrhea,
fecal coliforms recovered with
significantly greater frequency
from hands (32%; p<0.005)
and from classroom objects
(36%; p<0.005).
Rotavirus viable on
contaminated surfaces long
enough to be transmitted to
susceptible children.

Authors

Weniger et
al. (1983)
a

Microorganisms
Tested

Fecal coliforms

Study
Period

1 month

Number of
Facilities

Number and Type of
Samples

Findings

2

398 samples collected
from bathroom, diaper
changing areas, doors,
floors, kitchen areas,
furniture, and toys.

Fecal coliforms found in
17/398 samples collected from
building surfaces, furniture,
and other objects.

Sampling at three times per day, twice per month
Non-specified
c
Homes
d
Different seasons
b
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In a prospective study to determine risk factors for AGI, Laborde et al. (1993)
identified contamination of hands with fecal coliforms as a significant predictor for risk
of diarrhea in children attending child care. These researchers found that the incidence
rate of diarrhea was two-fold higher (p = 0.0015) in classrooms where hands of child-care
providers and children were contamination with fecal coliforms compared with
classrooms where no contamination with fecal coliforms were found on hands of childcare providers and children, which was due to their frequent hand washing and sanitation
on the environmental surfaces. In a more recent study reported in the literature, Cosby et
al. (2008) evaluated the microbial load [aerobic plate counts (APCs) and coliform counts]
of samples collected from one food serving surface, two food preparation surfaces, and
one diaper-changing surface at six child-care centers in Knoxville, TN. These
investigators reported significant differences in microbiological counts between centers.
Coliform counts in child care centers ranged from 0.15 to 1.41 log CFU/50 cm2. The
coliform counts were observed significantly different in different sampling locations, the
highest count was observed in food preparation area (0.81 log CFU/50 cm2), followed by
food serving area (0.58 log CFU/50 cm2), and diaper-changing area (0.44 log CFU/50
cm2). The investigators expected to find higher bacterial counts on the diaper-changing
surfaces but this was not the case. In fact, the diaper-changing surfaces had the lowest
coliform counts (mean 0.44 log CFU/50 cm2) most likely due to the frequent use of
sanitizers on these surfaces. Haysom et al. (2005) reported that the mean log APC of
environmental samples increased as the food preparation activities increased in the
kitchen, especially before/after breakfast, after lunch, and after dinner. These results were
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a clear departure from the earlier findings of Petersen et al. (1986), which showed that
bacteria of fecal origin were frequently present on the hands of children in diapers and
staff members who are changing diapers, as well as on the diaper-changing area.
A similar type of study was conducted by Staskel et al. (2007) to evaluate the
hygienic conditions of foodservice surfaces in 36 Texas child-care centers. Swab
samples were collected from food-contact surfaces, such as countertops, and non-foodcontact surfaces, such as handwashing sink handles. Evidence of bacterial contamination
was observed in 41% (68/167) swab samples analyzed using a combination of culture,
biochemical, and molecular screening techniques. The most commonly contaminated
surfaces were sink drains (82% of 11 samples tested positive for bacteria), hand-washing
sink faucet handles (74% of 19 samples tested positive for bacteria), and trash can lid
handles (50% of 14 samples tested positive for bacteria). Further bacterial strain typing
yielded 27 different species, such as Salmonella paratyphi A. Enterobacter cloacae, a
non-pathogenic species that is usually of fecal origin, was the most prevalent.
The introduction of new molecular techniques in the 1990s has made it much
easier to detect the presence of environmental contamination with viruses. Boone and
Gerba (2005) tested 218 fomites from 14 child-care centers for evidence of influenza
viral contamination, reporting influenza A viral RNA in over 50% of the samples by RTPCR. Using a similar technique, Wilde et al. (1992) demonstrated that about 26% (15/57
samples) of the fomites or environmental samples obtained from two child-care centers
associated with a diarrheal disease outbreak showed evidence of rotavirus RNA. Other
methods have also been used to evaluate potential fecal or microbial contamination in
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domestic home settings. For instance, the presence of hemoglobin has been used as a
marker for blood; amylase as an indicator for the presence of urine, saliva and sweat; and
protein as an indicator of general hygiene. Bellamy et al. (1998) used these techniques on
1,513 environmental samples collected from 39 homes, showing the presence of
hemoglobin in 1.9% of samples, indicating the presence of blood and the possible
contamination of surfaces with bloodborne viruses. Amylase, which may be the result of
contamination by saliva and sweat, was found in 29.3% of samples, indicating sampled
surfaces may not be adequately cleaned and could be a potential source of rhinovirus
contamination. Protein, which is used as an indicator of general hygiene, was found in
97.8% of samples, which indicated inadequate general hygiene on sampled surfaces.
Clearly, inclusion of alternative chemical testing methods that could be indicators of filth
or fecal contamination might increase the robustness of future studies of environmental
contamination in child-care settings.

Observational Studies. Observational studies provide evidence about real-world
practices that could lead to pathogen transmission and subsequent exposure of young
children in child-care settings. A summary of observational studies carried out in childcare settings is summarized in Table 2.5. Each is described in more detail below
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Table 2.5. Observational studies (n=8) conducted in child-care settings between 1994 and 2011

Author

Purpose

Data Collection Method

Results
•

Alkon &
Cole
(2011)

To assess the compliance of health
and safety practices with the National
Health and Safety Standards in childcare facilities in Indiana and to
establish reliability of the Indiana
Health and Safety checklist.

Direct observation of
health and safety practices
in a convenience sample of
82 child-care facilities.

•

13 of 82 items on the checklist
were not met in 52% of facilities.
Items with the lowest compliance
were emergency food supplies,
children’s hand washing, special
health care plans, cleaning and
sanitizing counters, and impact
surfaces under playground
equipment.

Limitations
•

•

A convenience
sample of child-care
facilities may not be
representative for all
facilities.
The Hawthorne
Effect may bias
compliance of hand
washing by child-care
providers.

•

Assessed the health and safety
practices in child-care centers in
Pennsylvania.

Taylor et
al.
(2008)

Explore understanding, knowledge
and actions of child-care centers’
(CCC) staff regarding enteric illness
and outbreaks and identify challenges
staff encounter while managing them.

40 participants forming 5
focus groups for interview.
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Nadel et
al.
(2010)

Direct observation of
handwashing behaviors,
infant sleep position,
playground equipment
safety, and an assessment
of safety policies in a
convenience sample of 134
facilities.

77% (88) of adults and 92% (100)
children washed their hands before
meals.
• 83% (78) of adults washed hands
after changing diapers.
• 95% (103) of children washed
hands after toileting.
• Child-care providers placed 67% of
infants on their back for sleep.
• 21% (10) of indoor playground
equipment was safe.
• 57% (52) of outdoor playground
equipment was safe.
Child-care staff could respond
effectively to the GI tract disease and
outbreaks incurred in children. The
public health official should provide
more adapted advice and guidance to
the CCC staff based on different
situations.

•

•

A convenience
sample of child-care
facilities may not be
representative for all
facilities.
The Hawthorne
Effect may bias
results of direct
observation.

Study restricted to one
geographic area in one
province in Canada.

Author

Purpose

Data Collection Method

Results

Limitations

Enke et
al.
(2007)

Identify demographic characteristics,
food safety and other practices that
influence training and decisions made
by child-care directors and staff

Questionnaires were
mailed to and received
from 118 child-care center
directors from Iowa and
Texas.

It is necessary to manage and conduct
food safety training for both directors
and staff in child-care centers.

Self-reported practices

Determine if installation of
equipment for diaper-changing, hand
washing, and food preparation
specifically designed to reduce
transmission of infectious agents
would result in a decrease in the rate
of diarrheal illness.

23 intervention centers
with new diaper-changing,
hand washing and foodpreparation equipment
compared with paired
control centers. Diarrheal
illness cases were collected
by phone call to children’s
families.

Diapering, hand washing, and food
preparation equipment specifically
designed to reduce spread of infectious
agents significantly reduced diarrheal
illness among the children and illness
absence among staff in out-of-home
child-care centers.

• Classrooms randomly
matched without
stratifying for
classroom type.
• Cost of purchase and
installation, averaging
$10,385 per classroom,
may be prohibitive for
many child-care
facilities.

Training on use of alcohol-based hand
sanitizer reduced the transmission of
AGI among children.

• Participants were
families with high
educational levels and
incomes so results
were not generalizable
to families of different
cultural backgrounds
or lower
socioeconomic status.
• Documentation of
illness reported by
caregivers were mainly
based on symptoms
rather than clinical
confirmation of
infection.

Kotch et
al.
(2007)
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Sandora
et al.
(2005)

Determine whether a multifactorial
campaign centered on increasing
alcohol-based hand sanitizer use and
hand-hygiene education reduces
illness transmission in the home of
families with children who were
enrolled in out-of-home child care.

Cluster randomized
controlled trial 292
families with children
enrolled in out-of-home
child care in 26 child-care
centers telephone
interviewed.

Purpose

Data Collection Method

Results

Limitations

Chapman
et al.
(1995)

Evaluate if different hygiene
practices were present in group and
family day-care homes, and practices
associated with frequency and type of
illness prevalence in enrolled
children.

Cross-sectional surveys
with self-administered
questionnaires were mailed
to day-care homes. 204
licensed family and 137
group day-care homes in
Washtenaw County MI
were surveyed.

Different hygiene practices in different
day-care homes, which brought various
health risks to the enrolled children.

Selection bias,
misclassification bias, and
recall bias.

• Telephone interview was
used for obtaining
information about the
diarrheal and respiratory
symptoms.
• Classroom observation to
collect information about
targeted behaviors.
• 24 day-care centers were
involved.

Intervention improved the mean
incidence of all diarrhea moderately,
particularly in younger children and in
newer centers.

Study conducted in larger
centers caring for younger
children so results not
generalizable to smaller
centers or family day-care
homes.

33

Author

Kotch et
al.
(1994)

Develop a feasible, multicomponent
hygienic intervention and measure its
impact.

A cross-sectional study design was used by St. Sauver et al. (1998) to evaluate
hygiene practices in group and family day-care homes in order to determine if these
practices are associated with the frequency and types of illness reported in enrolled
children. A total of 204 licensed family homes and 137 group day-care homes in
Washtenaw County, Michigan, were surveyed by questionnaire. The investigators found
that the absence of hand washing before meals, lack of decontamination of sleeping mats,
as well as sharing cloth towels increased the risk of illness among the children in daycare homes (Odd Ratios=2.2, 3.76, 3.76, respectively).
Other observational studies were designed to assess illness management decisionmaking in the child-care environment. For example, Enke et al. (2007) mailed a
questionnaire to 127 child-care center directors in Texas and Iowa to identify the
demographic, safe food handling, and other practices that influence the training and
decision making of child-care administrators, relative to reducing the risk of foodborne
disease in children. In their study, 16% of foodservice workers were certified in food
safety and 8% of 127 facilities received annual foodservice training through the Child
and Adult Care Food Program. Furthermore, the director (65%), teacher (34%), hired
substitute (12%), aide (10%), or other individual (35%) usually filled in as a substitute for
a foodservice staff who was sick or could not come to work. The inconsistent use of lesstrained substitute of foodservice workers potentially makes food safety a concern in these
child-care centers. Taylor et al. (2008) interviewed 40 child-care workers from regulated
child-care centers in Southern Ontario, Canada via five different focus groups. They
reported that most child-care center staff relied on experience and judgment in
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coordination with public health information to assist decision-making in the management
of enteric illness and outbreaks instead of referring to their child-care center’s acts and
regulations. While the authors believed this demonstrated staff dedication and
responsibility, they also recommended that additional circumstance-specific guidance and
advice from public health officials would be useful in helping staff meet regulatory
requirements. The results from these two studies indicate a need for continual
management and food safety training for both directors and staff in order to provide a
healthy environment for young children.
In a similar type of study, Copeland et al. (2006) collected data by mailing
questionnaires to 215 Maryland pediatricians, 223 parents, and 192 child-care providers
from 22 child-care centers. They reported that only 77% (166/215) pediatricians and 29%
(56/192) child-care providers were not familiar with official illness exclusion guidelines
issued by the American Academy of Pediatrics (AAP)/American Public Health
Association (APHA). Child-care providers and parents correctly excluded 65-98% of
cases requiring exclusion, while pediatricians correctly excluded 31-86% of cases
requiring exclusion, suggesting that pediatricians may under-exclude sick children from
child care. Even so, pediatricians correctly included 61-93% of cases requiring inclusion,
while child-care providers and parents correctly included 20-75%.
Observational study designs have also been used to assess hygiene interventions
in the child-care environment. For example, Sandora et al. (2005) conducted a cluster
randomized, controlled trial of 292 families with children who were enrolled in 26 childcare centers. Intervention families received a supply of hand sanitizer and biweekly hand-
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hygiene educational materials for five months; control families received only materials
promoting good nutrition. Primary caregivers were phoned biweekly and asked about
respiratory and AGIes in family members. The investigators found that the AGI rate was
significantly lower in intervention families compared with control families (incidence
rate ratio --0.41; 95% confidence interval -- 0.19–0.90). While a relatively large study,
the author also noted that the participants in their study generally had high educational
levels and incomes making it difficult to generalize the results for families of different
cultural backgrounds or lower socioeconomic status. Bronson-Lowe (2006) conducted a
hygiene intervention study among 12 child-care centers to evaluate the effectiveness of
specific sanitizing products and cleaning protocols on reducing incidences of diarrheal
illness among children. Six intervention child-care centers received sanitizing products
and detailed cleaning protocols. Six control child-care centers still performed their
original sanitizing practices, such as used soapy water and bleach products for cleaning
and followed the state health department cleaning guidelines. After ten weeks, the
researcher compared the number of weeks of diarrheal illness in children between the
intervention centers and control centers. The incidences of diarrheal illness among
children in the intervention centers were 0.4 weeks fewer than those in the control centers,
but the difference was not significant (p=0.165). As well, Gudnason et al. (2012) also did
not find significant difference in the adjusted incidence rate ratios of the illnesses
between the hygiene-intervention and the control child-care centers.
Kotch et al. (1994) developed a multi-component hygiene intervention that was
delivered to 24 large child-care centers. To measure the effect, information about
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diarrheal and respiratory symptoms was obtained by telephone interview; the
investigators also observed hygienic practices in the classroom. Their intervention
resulted in a moderate reduction in the frequency of diarrheal disease (the incidence rate
of illness reduced an average of 0.90 cases per 100 child-care days), particularly in
younger children and in newer centers. In a second study, the same group of investigators
equipped 23 child-care centers in North Carolina with new diaper-changing, handwashing, and food preparation equipment and compared to 23 control centers (Kotch et
al., 2007). Diarrheal illness incidence was determined by phone calls to children’s
families. Diapering, hand-washing, and food preparation equipment that were
specifically designed to reduce the spread of infectious agents significantly reduced
diarrheal illness among the children; absenteeism among staff in out-of-home child-care
centers due to illness was decreased. However, the cost of purchase and installation,
averaging $10,385 ($7,500 for the equipment and the rest for installation) per classroom,
may be prohibitive for many child-care facilities.
While observational studies provide relevant, meaningful results in posing
hypotheses on causal relationships, they alone can seldom establish clear causality,
especially if not accompanied by parallel clinical or microbiological analyses (Gibson et
al., 2002). Common deficiencies in such studies include failure to adequately control for
potential biases and to provide sample sizes and diversity that allow for the production of
widely generalizable results. Observational studies rarely include a microbiological
component, with the exception of the early work of Laborde et al. (1993), who assessed
the incidence of diarrheal disease in 221 children under the age of three cared for in 24
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child-care centers in North Carolina. The study used this data in conjunction with
microbiological analysis to estimate relative risk. The incidence rate of diarrhea was
significantly 2-fold higher (p=0.0015) in classrooms with hand contamination than in
classrooms without any hand contamination.

Best Practices for Prevention and Control of Enteric Pathogen Transmission in
Child-Care Settings
Measures to control transmission of diarrheal disease in child-care settings are
well documented in the literature and in basic public health manuals like the American
Academy of Pediatrics Red Book (2012) and APHA Control of Communicable Diseases
(2008). In general terms, measures used to prevent or contain an outbreak include
vaccination; restricting infected children from attending a center (such as illness
management); management of symptomatic or recuperating children; center closure;
environmental cleaning; improved hand-hygiene; and safe food handling. In most
instances, preventing or controlling an outbreak requires the use of multiple control
strategies simultaneously. For example, in 1995, practices thought effective in
controlling an E. coli O157:H7 outbreak in Colorado included hygienic measures, such as
increased hand washing and cleaning and sanitization of toys and fomites, as well as
cohorting of ill or convalescing children (Williams et al., 1997). Likewise,
implementation of cleaning procedures and enhanced hand washing were effective in
controlling a 2000 Shigellosis outbreak in Australia (Genobile et al., 2004).
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Vaccination. At present, preventive vaccination is only an option for the control
of hepatitis A virus and rotavirus; vaccines are not available for other common enteric
pathogens. Belmaker et al. (2007) documented the effect of hepatitis A vaccination.
Universal toddler immunization against hepatitis A virus was implemented in 1999 in
southern Israel, with no subsequent outbreaks of this disease reported in child-care
centers or schools in this region since 2000. Others have also shown that vaccination of
children two to five years of age enrolled in licensed child-care centers has proven to be
an effective preventive measure for control of hepatitis A virus transmission, even after
recent exposure (Venczel et al., 2001; Victor et al., 2007). The American Academy of
Pediatrics (2011a) recommends that children receive their first dose of hepatitis A
vaccine between 12 and 23 months of age, although the vaccine can be given at older
ages. The second dose should be given at least six months following the first dose.
Rotavirus vaccination is also an effective control (Coffin et al., 2006). This vaccine is
delivered in three doses that are given by mouth at two, four, and six months of age
(American Academy of Pediatrics, 2011b). In 2007, Widdowson et al. reported the
benefits of a routine rotavirus immunization program. As a result of implementing such
an immunization program among U.S. children younger than the age of five, the number
of deaths could be reduced by 13; the number of hospitalizations could be reduced by
44,000; the number of emergency department visits could be reduced by 137,000; the
number of outpatient visits could be reduced by 256,000; and the number of diarrheal
illness cases could be reduced by 1,100,000. In the U.S., children younger than the age of
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six are recommended to receive immunizations for hepatitis A virus, hepatitis B virus,
and rotavirus (CDC, 2012).
Illness Management. The most common symptom of AGI is diarrhea followed
by vomiting and fever. Infected patients usually shed pathogens in their stools preceding
symptoms, while symptomatic, and frequently, post-symptomatically. For example,
children shed E. coli O157:H7 for a median of 29 days during one outbreak in Colorado
(Williams et al., 1997). Furthermore, virus sheds in vomitus can become aerosolized and
its particles can attach to the surrounding objects or food where the incidence of vomiting
occurs. Individuals who have contact with these contaminated objects or consume the
contaminated food may become infected with the virus. Repp and Kneene (2012)
reported that 64% (7/11) of individuals exhibited diarrhea symptoms after they handled
the bag and consumed food inside the bag in which aerosolized norovirus particles
attached. The virus was shed in an episode of vomiting by a symptomatic individual with
norovirus gastroenteritis.
Managing AGI is further complicated by the fact that for some diseases not all
infected persons become symptomatic. For instance, a community outbreak of hepatitis
A infection was traced back to contact with children attending a particular child-care
center, yet none of the children had evidence of overt illness (Sadetzki et al., 1999). Other
enteric pathogens such as Enterotoxigenic E. coli, Enterohemorrhagic E. coli,
Streplococcus group A, Giardia lamblia, Entamoeba histolytica, Cryptosporidium
parvum, Salmonella, Yersinia, noroviruses, hepatitis A virus, and rotavirus can be spread
to other people even if an individual does not exhibit any symptoms (U.S. Food and Drug
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Administration, 2012). Notwithstanding the potential for subclinical infection, it should
be clear that a child with symptoms of AGI who continues to attend a child-care center
may ultimately infect other children attending that center. Therefore, it is very important
for facilities to develop an illness management policy that addresses exclusion and
isolation of infected children, with or without symptoms (American Academy of
Pediatrics, 2002). In 2010, M’ikanatha surveyed 135 child-care directors in Pennsylvania
and reported that 96.9% (124/128) of facilities had written policies for excluding children
with acute illness.
Many public health experts have suggested that exclusion of ill children from
child care be used as a means to reduce the transmission of disease to healthy children
and to prevent the spread of infection in the community at-large. However, the decision
to exclude is a complicated one that is fraught with time and cost constraints, staffing,
and opposing social pressures from working parents who need child care, and parents of
well children who do not want their child exposed (Taylor, Adams, & Ellis, 2008). As
described above, exclusion of ill children from child care is costly for parents and
employers (Kahan et al., 2005). In addition, there may be a level of deception; when a
child is excluded from one child-care center, parents sometimes seek another center that
is unaware of the child’s health status (National Disease Surveillance Centre, 2003). In
other instances, parents will even attempt to conceal that their child is ill (Williams et al.,
1997). Exclusion of ill staff members is equally important, as illustrated by an outbreak
associated with child-care center catering staff who were responsible for spreading a
disease occurring among 195 children attending 30 different centers in Sweden, despite
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having never come in direct contact with the children (Gotz et al., 2002). Unfortunately,
there are few published studies that quantify the actual reduction in secondary cases that
is achieved by excluding sick children, providers, and staff. Studies on the exclusion of
sick children primarily focus on when a child must be excluded because the risk of
transmission is extremely high (Aronson & Osterholm, 1986). For example, the
American Academy of Pediatrics Red Book (28th edition) recommends exclusion for
children infected with severe enteric diseases caused by Shiga toxin-producing E. coli,
Shigella, and Salmonella serotype Typhi. Children should remain excluded until multiple
stool cultures test negative for the pathogen. The inclusion of asymptomatic children
may increase the risk of transmission because asymptomatic people may commonly carry
enteropathogens in their feces and asymptomatic carriers of enteropathogens frequently
shed pathogens in high numbers (Thompson, 1994). For example, in 2012, Moura et al.
studied the prevalence of enteropathogens (E. coli) in normal feces from children without
gastroenteritis symptoms and stayed all day in one child-care center in Brazil. They found
that 19.1% (36/188) of samples were positive for at least one pathotype of Escherichia
coli (E. coli). Enteropathogenic E. coli was detected in 19 of these 36 samples and
Enteroaggregative E. coli was identified in 15 of the 36 samples.
According to some public health experts, most children with a mild illness should
not be excluded from child care unless the child is unable to participate comfortably in
group activities; the illness requires more care than the center can provide; or the child
has symptoms suggesting a more serious illness that requires medical attention (Kahan et
al., 2005). Some have even suggested that, as a general recommendation, children with

42

potentially contagious AGI should be excluded from child care if they cannot be cohorted
within the same facility under the care of trained staff (Aronson & Osterholm, 1986;
Copeland et al., 2006). However, the decision as to whether a child is actually admitted
into formal child care really belongs to the child-care provider and is usually made on a
case-by-case basis (Brady, 2005). A total of 47 states have requirements for the care of
mildly ill children. Some states have multiple requirements about the care of mildly ill
children. Thirty-eight states require ill children to be excluded from the facility. Only 18
states allow mildly ill children to attend child care (National Association for Regulatory
Administration, 2010).
In terms of food preparation staff in child-care facilities, food handlers are also
subject to exclusion from food preparation according to the U.S. Food Code (U.S. Food
and Drug Administration, 2009), specifically when one is: (1) symptomatic with
vomiting or diarrhea; (2) jaundiced or diagnosed with hepatitis A infection; (3) diagnosed
with or reported previous infection due to Salmonella; (4) diagnosed with an
asymptomatic infection from norovirus; (5) diagnosed with Shigella infection, even if
asymptomatic; (6) diagnosed with enterohemorrhagic E. coli, even if asymptomatic; (7)
symptomatic with sore throat with fever; or (8) symptomatic with an uncovered infected
wound or pustular boil, or exposed to foodborne pathogen and works for food preparation.
Cohorting “Cohorting” or separating convalescing children from healthy
children after the former have spent the acute phase of the illness under care outside the
center, is a practical approach for the child who still may be shedding organisms, but
feels well and is active (Ang, 2000; Drees et al., 2004; Ferson et al., 1997; Gouveia et al.,
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1998; Williams et al., 1997). Cohorting can be effectively implemented by providing
separate play areas, restrooms, and dining areas for convalescing and healthy children
(Drees et al., 2004). This can be difficult for many child-care centers, as adequate
facilities and staff would be necessary to implement effective cohorting (Lee et al., 2008).
There is, however, precedent for cohorting, as illustrated after a 2002 Shigellosis
outbreak that occurred in Delaware. A total of 506 culture-confirmed cases (median age
four years) were reported, 40% (200/506) of which were child care related (CDC, 2004).
As a result, the Health Department of Delaware excluded children with diarrhea from
child care. Diapered children were allowed to return child care after completing antibiotic
treatment and non-diapered children were allowed to return child care after 48 hours of
antibiotic treatment without having to close the facility. In a child care-associated
outbreak of E. coli O157:H7, children with diarrhea illness were still attending the child
care, which was a possible factor contributed to the transmission of pathogens within the
child-care center (Raffaelli et al., 2007). Brown et al. (2012) reported the effectiveness of
cohorting strategy in controlling the spread of diseases in a Shiga toxin-producing E. coli
O26:H11 outbreak in a child-care center in Colorado. Classrooms in that child-care
center were divided into three types of rooms labeled with different collors: green, red,
and yellow. “Green” rooms were for healthy children, “red” rooms for children with
confirmed lab test results, and “yellow” rooms for children with suspect or pending lab
test results. After implementing cohorting for seven days, no new symptomatic confirmed
cases with onset were found in that child-care center.
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Center Closure. Overall, closing a child-care center is usually done only when
there are serious or uncontrollable outbreaks or incidences, such as death, serious illness,
or a reportable infectious disease, and not for relatively mild gastroenteritis (American
Academy of Pediatrics, 2011c). For example, a 2002 outbreak of E. coli O157:H7 in
Alberta, Canada, ended only after the child-care center voluntarily closed after eight
children became symptomatic (Galanis et al., 2003). In an editorial written by Pickering
(1986) the author states that the role of spread of enteropathogens from infected, nontoilet trained children without diarrhea is uncertain. Because of the difficulty in
containing loose stools, exclusion from child care centers is recommended to spread
illness. He suggests ”the implementation of diarrheal control measures in child-care
centers must be fully understood by child-care workers and supported by public health
agencies and must not impost an undue financial burden on child-care centers.”
Environmental Sanitation. Enteric pathogens are frequently detected in samples
collected from toys and furniture in child-care facilities (Lee et al., 2007; Olaitan &
Adeleke, 2007). For example, Lee et al. (2007) identified 29 viable bacterial species in
samples collected from toys and counter-tops in a child-care facility over a period of six
months. These researchers reported that Bacillus species were the most commonly
culture-isolated bacteria, followed by Staphylococcus spp. routine cleaning and
disinfection of environmental surfaces is important for prevention of enteric disease
transmission (Brady, 2005; Mink & Yeh, 2009; Pickering, 1986). For example, Keswick
et al. (1983) detected evidence of rotavirus contamination in a child-care center in the
U.S. by collecting and testing environmental swabs taken from the hands of teachers and
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various surfaces, including toys, phones, toilet handles, sinks, and water fountains. Of 25
samples collected from these surfaces and hands of teachers, 16% (4/25) were positive
for rotavirus. As well, Krilov et al. (1996) reported that disinfecting environmental
surfaces or objects (like floors, toilet areas, taps and toys) in child-care environments can
reduce the incidence of respiratory disease from 0.67 illnesses/child/month to 0.42
illness/child/month and reduce the incidence of enteric viral disease from
0.70illnesses/child/month to 0.53 illnesses/child/month. However, results from different
studies are conflicting. A hygiene intervention study conducted by Bronson-Lowe (2006)
did not find a significant difference in the numbers of weeks of children with diarrhea
between the intervention centers and the control centers (0.4 weeks fewer, p = 0.165).
The intervention centers used commercially-available cleaning products and followed a
detailed cleaning protocol provided by these researchers. The control centers used soapy
water and bleach products and followed state health department cleaning guidelines. As
well, Gudnason et al. (2012) did not find significant difference in the adjusted incidence
rate ratios of the illnesses between the hygiene-intervention and the control child-care
centers.
Mouthing children rather than older children are probably at a higher risk for
enteric disease transmission due to their potential exposure to objects or surfaces
contaminated by pathogens. For this reason surface disinfection is crucial to reducing
transmission. Toys, for example, are suggested to be cleaned three times per week with
paper towels or clean cloth towels, followed by the application of disinfectant spray and
air drying (Aronson & Osterholm, 1986; Krilov et al., 1996; Pickering, 1986). If that is
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not possible, the toys should be removed from circulation (Krilov et al., 1996). The
diaper-changing area is another important source of enteric pathogens (Lee et al., 2007).
Child-care providers who change diapers should be provided a designated changing area
per infant or toddler group with a surface suitable for sanitization after each change. The
facility should not permit shared use of diaper-changing tables and sinks by more than
one group in order to prevent spreading disease from person-to-person (American
Academy of Pediatrics, 2011d; Morrow et al., 1991). Aronson and Shope (2009) have
provided recommended guidelines for cleaning diaper-changing areas, consisting of the
following sequential steps: (1) appropriate disposal of the paper liner used on diaper
changing surfaces (i.e. disposal in a plastic lined, covered, hands-free receptacle); (2)
cleaning the surface of any visible soil using detergent and water, followed by a water
rinse; (3) spray application of a sanitizing bleach solution over the entire changing
surface with a contact time of at least two minutes; and (4) drying the surface by air or
wiping using a disposable paper towel. In Alkon et al.’s study (2011), 59% of 49 childcare facilities met the requirement that requires child-care providers to use a clean
disposable non-absorbent liner on the diaper-changing surface with each diapering.
Forty-two (42) states require child-care facilities to sanitize diaper-changing areas after
each use (NCCITAC/NARA, 2010; Table 2.6). Alkon et al. (2011) reported that 38% of
58 child-care facilities met the requirement of diaper-changing surfaces should be
cleaned and sanitized after each observed use.
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Table 2.6. State requirements for frequency of environmental health inspections by facility type
Type of Child-Care Facility

Frequency of
Inspection

Child-Care
Centers

Number
of States

Small Family
Day-Care
Homes

Number of
States

Large/Group Family DayCare Homes

Number of
States

NV, TN

2

TN

1

TN

1

3x year

AR, FL, OK

3

AR, OK

2

OK

1

2x year

MS, MO, OH, RI,
SC, UT, VA, WI,
WY

9

FL, GA, MS,
MO, NV, UT,
WY

7

AZ, FL, MS, MO, NV, OH,
SC, UT, VA, WY

10

1x year

AZ, DE, DC, HI, IL,
IN, IA, KS, KY,
LA, ME, MD, MA,
MI, MT, NE, NH,
27
NM, NC, ND, OR,
PA, SD, TX, VT,
WA, WV

DE, DC, HI, IL,
IN, KY, ME,
MD, MA, NE,
NH, NM, NC,
VT, WV, WI

16

DE, HI, IL, IN, KS, MA,
MI, NE, NH, NM, ND, OR,
PA, RI, SD, TX, WV

17

1x 2 years

AL, AK, CT, MN,
NY

5

AL, AK, MN,
NY, OR, RI,
TX, WA

8

AL, AK, CT, MN, NY

5

1x 3 years

NJ

1

CA, CT

2

CA

1

>1x 3 years

No states

0

MT

1

MT

1

Other

CA, CO, GA

3

CO, IA

2

CO, GA, IA

3

48

3x year+

Hand Hygiene. Contaminated hands can be an important source of enteric
pathogens, contributing substantially to their transmission in child-care environments
(Boone & Gerba, 2007). In this review, the authors cited a study conducted by Gwaltney
et al. (1978), which reported hands as a source of enteric pathogens. In Gwaltney et al.’s
study, they found that after contact with tiles inoculated with rhinovirus for 10 seconds,
70% of rhinovirus was transferred to hands of subjects. Subjects then touched clean
plastic tiles. The virus was recovered from 43% of these plastic tiles. For example, both
Goldmann et al. (2000) and Hall et al. (1987) noted that touching infants infected with
respiratory syncytial virus (RSV) or surrounding fomites was a risk factor for developing
RSV infection in nurses. Hence, careful attention to hand-hygiene is an important
infection control strategy. This is detailed further in a review article by Barker et al.
(2001), who cited over 15 research studies that demonstrated a decrease in viral
contamination and infection in the child-care environment when hand washing was used
regularly as an intervention. Indeed, failure to implement proper hand-hygiene practices
is probably the single most common reason for AGIes, and contributes to outbreaks of
diarrhea among children, providers, and teachers in child-care settings (American
Academy of Pediatrics, 2011e; Morrow et al., 1991). Appropriate hand hygiene is
essential to preventing infection and controlling transmission for foodborne illnesses
caused by Cryptosporidium, E. coli 0157:H7, rotaviruses, Giardia lamblia, hepatitis A
virus, Shigella, and norovirus (Heyman, 2004). For example, in three outbreaks of
multidrug-resistant Shigella sonnei associated with child-care centers in Kansas,
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Kentucky, and Missouri, hand washing was used as one control measure. Even so, the
outbreaks persisted for several months (CDC, 2006; Obiesie et al., 2006).
Environmental studies in child-care centers have shown that hands of children and
care providers are frequently contaminated with fecal coliforms (Van et al., 1990).
Larson et al. (1986) also revealed that skin damage to the hands due to hand washing
could change the microflora and increase bacterial antibiotic-resistance. Furthermore,
children can be asymptomatic carriers of pathogens, which makes exclusion difficult
(Gardner & Hill, 2001).
The American Academy of Pediatrics (2011e) recommends that child-care staff
perform recommended hand-hygiene practices throughout the day in association with the
following activities: (1) upon arrival for the day, after breaks, or when moving from one
child-care group to another; (2) before and after (a) preparing food or beverages, (b)
eating, handling food, or feeding a child, (c) giving medication or applying a medical
ointment or cream in which a break in the skin (sores, cuts, or scrapes) may be
encountered, (d) playing in water (including swimming) that is used by more than one
person, and (e) diapering; (3) after (a) using the toilet or helping a child use a toilet, (b)
handling bodily fluid (mucus, blood, vomit) from sneezing, wiping and blowing noses,
from mouths, or from sores, (c) handling animals or cleaning up animal waste, (d)
playing in sand, on wooden play sets, and outdoors, and (e) cleaning or handling the
garbage.
The CDC recommends that the best way to decontaminate hands is by washing
them for between ten and fifteen seconds under warm water and using plain or
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antimicrobial soap (CDC, 2002). Studies have also demonstrated that using an alcoholbased hand rubs (ABHRs) after washing hands with soap and water is effective in
reducing illness transmission in the home, in child-care centers, and in health care
settings (Boyce et al., 2002; Sandora, et al., 2005). However, ABHRs have some
limitations. Boyce et al. (2002) reported that ABHRs are not effective against bacterial
spores, protozona oocyst, and certain nonenveloped (nonlipophilic) viruses (such as
norovirus). The volume of alcohol applied to the hands can also affect the efficacy of
ABHRs. Marples et al. (1979) and Mackintosh et al. (1984) reported that no significant
difference was found in the effectiveness of reducing microorganisms on hands between
applying 0.2 to 0.5 ml of alcohol to the hands and washing hands with plain soap and
water. As well, the formulations of ABHRs can affect the effectiveness in reducing
bacterial counts on the hands. For example, Kramer et al. (2002) reported that a hand rub
with 2-propanol 60% was more effective than a 70% alcohol ABHR in reducing bacteria
counts on hands (mean reduction of E. coli = 4.07 log CFU/ml and 3.36 log CFU/ml
respectively, p < 0.01). The use of ABHRs can also cause skin dryness and skin irritation.
In addition, because alcohol is flammable, incidence of fires may occur if ABHRs are not
stored away from high temperature or flames (Boyce et al., 2002). Furthermore, hand
sanitizer products might be dangerous or toxic if ingested in amounts greater than the
residue left on hands after cleaning, it is important for providers and teachers to monitor
children carefully (American Academy of Pediatrics, 2011e). However, one study
conducted by Kinnula et al. (2009) reported that normal use of ABHRs (1.5 ml or 3 ml)

51

by children aged from 3.5 to 7.2 years did not increase the blood alcohol concentration
(within the measurement limit of 0.001%).
Seventeen (17) states have regulatory requirements about the location and number
of hand-washing facilities available to staff in child-care facilities (Table 2.7). The
District of Columbia and 46 states, including the District of Columbia, (CA, CO, HI, ID,
LA are excluded) have regulatory requirements that specify times when hand washing is
required for center staff: after diapering children (45 states); before and after preparing,
serving, and eating food (41 states); after toileting (39 states); after toileting children (33
states); after handling, feeding, and cleaning up after animals (22 states); and after
attending to ill children (9 states; NARA, 2010). Forty-four (44) states also have handwashing requirements for children in child-care centers, and of those states only one,
Colorado, does not specify when children must wash their hands (NCCITAC/NARA,
2010). The child-care requirements for infectious disease control strategy and hand
hygiene vary among states because state governments develop their policy accordingly to
the needs of employed mothers as well as the conditions of internal politics and
economics (Kang, 2006). Numerous studies support the efficacy of training children and
staff on the best methods to approach hand washing in the child-care environment (Ponka
et al., 2004; Roberts et al., 2000; Uhari et al., 1999). For example, a randomized,
controlled trial conducted by Roberts et al. (2000) in which child-care staff were trained
about infectious disease transmission and the importance of hand washing, revealed that
the incidence of diarrhea was reduced to 1.9 episodes per child-year in the intervention
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centers compared to 2.7 in the control centers (311 children observed during one year
from 23 day-care centers in total).
Proper hand-washing equipment specifically designed for children is essential
for child-care facilities. According to National Health and Safety Performance Standards:
Guidelines for Early Care and Education Programs (American Academy of Pediatrics,
2011d), a hand-washing sink should be accessible without barriers (such as doors) to each
child-care area. In areas for infants, toddlers, and preschoolers, the sink should be located
so that the providers and teachers may visually supervise the group of children while
carrying out routine hand washing or having children wash their own hands. Sinks should
be placed at the appropriate height or be equipped with a stable step platform to make the
sink available to children. If a platform is used, it should have slip-proof steps and a
platform surface. Also, each sink should be equipped so that the user has access to: (1)
water, at a temperature of at least 60°F and no hotter than 120°F; (2) a foot-pedal
operated, electric-eye operated, open, self-closing, slow-closing, or metering faucet that
provides a flow of water for at least thirty seconds without the need to reactivate the
faucet; (3) a supply of hand-cleansing non-antibacterial, unscented liquid soap; and (4)
disposable single-use cloth, or paper towels, or a heated-air hand-drying device with heat
guards to prevent contact with surfaces that get hotter than 120°F. Guidelines further
state that hand-washing sinks for children should not be used for rinsing soiled clothing,
for cleaning equipment that is used for toileting, and/or for the disposal of any waste
water used in cleaning the facility. Alkon et al. (2011) reported that 85% of 81 assessed
child-care facilities met the requirement that a children’s handwashing sink should be at a
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child’s level or accessible by a safe step. As well, 88% of the 81 assessed child-care
facilities met the requirement of water temperature that may be in direct contact with
children in should not be higher than 120°F. Barros et al. (1999) and Zomer et al. (2012)
evaluated the installation of handwashing sinks in child-care centers. Their results
indicated that handwashing equipment including handwashing sinks, soap, warm water,
and approved hand-drying devices such as paper towels were available and accessible in
a child-care classroom.
Safe Food Handling. Fifty-one (51) outbreaks in child-care facilities have been
linked to contaminated food (Table 2.3). Foods associated with these outbreaks were fruit
(such as cantaloupe, honeydew, strawberries, and watermelon), vegetable (such as green
bean and lettuce), meat (such as ground beef and BBQ pork), poultry (such as chicken
and turkey), cheese, salads, and sandwich. For example, investigation of a communitywide Shigellosis outbreak in Kentucky revealed that day-care centers with outbreaks were
more likely than those with no cases to have had a food handler who also was responsible
for diapering and transportation of children from their homes to the center (MohleBoetani et al., 1995). Fifty-six (56) laboratory-confirmed cases of Cryptosporidiosis were
identified from two child-care centers in Missouri, where pool water probably served as
the vehicle for disease transmission. The highest risk for infection was associated with
eating at the pool (adjusted odds ratio, 7.26; 95% confidence interval, 2.57-20.48;
Turabelidze et al., 2007). Even low risk food, like powdered infant formula, was also
associated with several infections by Enterobacter sakazakii (Drudy et al., 2006).
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Many most AGIes are prevented through appropriate hygiene and sanitation
methods, however, some food handlers in child-care facilities combined the duty of
changing diapers with food preparation (American Academy of Pediatrics, 2011f; MohelBoetani et al., 1995). In a case-control study conducted by Mohel-Boetani et al. (1995)
suggested that child-care centers with Shigellosis outbreaks were more likely than those
with no outbreaks to have a food handler who changed diapers. It is recommended that
diapering staff should not also handle food. The risk associated with such a practice was
clearly illustrated by Sullivan et al. (1984), who reported that in licensed child-care
facilities in Texas, the incidence rate of diarrhea illness among children less than 36
months old was 17-fold higher than that among children older than 36 months old,
combined with other factors (such as diapering and food handling were done by the same
caregiver, no bowel-trained children [i.e., children who suffered from constipation,
diarrhea, incontinence, or irregularity and had received step-by-step training in bowel
movements], had guidelines provided by the Texas Department of Human Resources
only, and management for profit).
Not only is food handling an important consideration, but so is the source of the
food. Ten cases of Salmonellosis associated with S. enterica serovar Typhimurium
PT135a occurred in association with a child-care facility in Brisbane, Australia,
following consumption of eggs purchased from a supplier without a quality assurance
program (McCall et al., 2003). Finally, special guidelines that are recommended for the
preparation of baby food, breast milk, or bottles for infant food should be carefully
followed in day-care settings (Day et al., 2011). A study conducted by Day et al. (2011)
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found that Salmonella Typhi and Shigella dysenteriae can remain viable for prolonged
period of time in powdered formula, which provided proof to the necessity of carefully
following guidelines for preparing baby formula. Even though special guidelines for the
preparation of baby food are available, many mothers with infants between two to nine
months old surveyed in a study by Labinder-Wolfe et al. (2008) did not follow proper
handling practices. In their study, 55% (795/1446) of mothers did not wash hands with
soap before preparing infant formula; 32% (463/1446) did not adequately wash bottle
nipples between uses, 35% (506/1446) heated formula bottles in a microwave oven, and
6% (87/1446) did not always discard formula left standing for two hours. Nadel et al.
(2010) conducted observations on handwashing practices of child-care providers in 134
child-care facilities in Pennsylvania. They observed that of 114 food preparation
observations, 77% (88/114) of child-care providers washed their hands before preparing
food. Similarly, Alkon et al. (2011) conducted an assessment of health and safety
practices of child-care providers. These researchers observed that providers in 69% of 72
assessed child-care facilities washed their hands before preparing food. Staff in 83% of
81 child-care facilities discarded food served to children and did not save them as
leftovers; staff in 69% of 42 facilities discarded unfinished bottles and food if they were
not used within 1 h of provision to the child; and staff in 66% of 35 facilities did not thaw
or heat breast milk, formula or food in the microwave or in boiling water.

Training
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Training requirements for child-care providers vary widely among states and
across facility types (Table 2.7). Not surprisingly, child-care centers are subject to more
training requirements than are family day-care homes. All but one state (Idaho) require
child-care center directors to meet specific pre-service qualifications, typically defined as
training, education, and experience prior to employment. In addition, ongoing training
(usually 12-15 contact hours per year) is mandatory for center director, teachers, and
aides in most (46) states. Forty-four (44) states require small family day-care home
providers to complete on-going training, at least four hours every one to two years.
Providers working in large/group family day-care home providers are also required to
complete on-going training in 36 states (National Association for Regulatory
Administration, 2010; Table 2.7).
The focus of training is detailed in most state regulations. For example, all states
except Idaho and Missouri require child-care center staff to complete health and safety
training. While most require first aid (47 states) and cardiopulmonary resuscitation
(CPR) training (46 states), only half of states require child-care center staff to complete
training on prevention of communicable diseases. Few states require training on
communicable disease prevention for providers working in small and large/group family
day-care homes (National Association for Regulatory Administration, 2010; Table 2.7).
It is also interesting to note that only nine states (CA, CT, GA, IL, MD, OH, TN,
TX, and WI) require child-care center staff to be trained on how to care for ill children
(Table 2.7) even though most states (47) have requirements that describe how to care for
mildly ill children. This is important because 18 states allow children to attend a child-
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care center when they are mildly ill. All states that allow mildly ill children to be present
in a child-care center have regulations describing supervision of ill children, the types of
activities centers should make available to ill children, and facilities where ill children
should be cared for. Three states (CA, DE, and FL) require providers working in
large/group family day-care homes to receive training about the care of ill children, but
no state requires this type of training for providers working in small family day-care
homes. Similar to child-care centers, states have requirements that address the care of
mildly ill children in small and large family day-care homes (35 and 29 states
respectively; National Association for Regulatory Administration, 2010). Only twelve
states allow children who are sick to be in a small family day-care home and nine states
allow mildly ill children to be in a large/group family day-care home.
Child-care staffs play an important role in preventing and managing enteric illness
in a child-care facility (Taylor, Adams, & Ellis, 2008). The lack of required training on
how to prevent communicable diseases is a serious concern that must be addressed if
incidents of illness are to decrease in child-care settings (Gordon, Kaestner, & Korenman,
2005; Nesti & Goldbaum, 2007). For example, Gilber et al. (2008) reported that childcare staff did not have enough knowledge of diarrhea and the management of a child with
diarrhea, which could possibly contribute to the transmission of E. coli O157:H7 between
persons in child-care settings. Alkon et al. (2010) identified the health and safety needs in
child care were health and safety training, medical plans for children with special health
care needs, and follow-up on positive screening tests. When child-care staff are
knowledgeable in general hygiene and sanitation practices, programs are more likely to
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be healthy and safe for children (Alkon et al., 2009). However, a study by Hagan (2011)
did not show the effect of training on child-care staff. Hagan (2011) conducted training
for child-care staff in 15 child-care facilities in Massachusetts in food safety and HACCP
plan and evaluated the microbial loads (total coliform count and E. coli) on kitchen
surfaces (i.e., refrigerator handle, microwave keyboard, cutting boards and sink faucets).
The author found that the training only had significant effect on reducing the E. coli
counts on kitchen surfaces (p = 0.0089). In fact, compliance with twenty hours per year
of staff education was reported to be the most significant predictor for compliance with
state child-care health and safety regulations but only thirteen states (AR, AZ, CO, CT,
GA, KS, KY, LA, MN, MS, MT, RI, and TX) require this (Crowley & Rosenthal, 2009;
National Association for Regulatory Administration, 2010). Specifically, training should
also be directed more towards the day-care home workers because they are generally less
educated about the importance and methods of preventing communicable diseases (SlackSmith et al., 2005).
An online search for training materials targeting child-care providers yielded
hundreds of resources. However, the effectiveness of the training materials is relatively
unknown. To date, only three studies have been published about specific food safety
knowledge and practices of child-care workers. The findings from all three studies
reinforce the need for training of child-care workers about hygiene, sanitation, and food
handling. Specifically, Albrecht et al. (1992) observed that child-care staff lacked general
knowledge and commitment to quality foodservice principles, which in turn contributed
to foodborne illness in young children in child-care facilities. Enke et al., (2007) and
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Sangster et al., (2004) also identified a general lack of compliance with recommended
food handling practices by workers in child-care settings. Nonetheless, training
interventions that address improved sanitation, hand-hygiene, and food preparation
practices have been shown to significantly reduce the frequency of diarrheal disease
among children and staff in child-care facilities (Kotch et al., 2007). Studies have shown
that conducting proper hand-washing practices before or after a potentially contaminating
event reduce the extent of infection in child-care settings, and decrease risk of
transmission (Brady, 2005; Thompson, 1994). To promote infection control, Soto et al.
(1994) introduced a hand-washing technique among educators and children attending 40
day-care centers in Canada. Efficacy of hand washing was assessed using a topographic
scale of the hands and a fluorescent test. Scores were calculated based on the proportion
of the sample that did not have the fluorescent material in an area of the hands. The
trained personnel showed a continuous improvement of hand-washing scores
(1989:80.3%, 1990:82.4%, 1991:90.5%). This enhancement was most noticeable in nails
(1989:52.6%, 1990:65.6%, 1991:80.2%), and wrists (1989:55.4%, 1990:72.9%,
1991:85.4%). Among children, the mean score was 76% (obtained in an average of 37
seconds of washing). Lower diarrhea rates were also associated with the best-scoring
groups.
One factor that has not been addressed, which could have a negative impact on
the effectiveness of a training program, is the competency of the educator who is
delivering the information. Published literature from consumer behavior, social
psychology, and related disciplines suggests that a highly credible source is more likely

60

to lead to increased behavioral compliance than a low credible source (Lirtzman & ShuvAmi, 1986; Maddux & Rogers, 1980). For example, Jones, Sinclair, and Courneya (2003)
found that participants receiving a positive communication from a credible source
reported more positive exercise intentions and behaviors than participants who received
negative information from a non-credible source. Other studies have also shown that the
degree of perceived credibility of the source influenced a recipient’s intention to use
suggestions made by the source (Bannister, 1986). Therefore, training initiatives must put
more emphasis on helping the educator to become credible and improve competency.
This can be achieved by developing training interventions to improve educators’
scientific understanding of risk factors and their controls as related to the child-care
environment. An educator who can explain the science behind the practices will be more
credible.
Communication between child-care staff and parents is another form of education
that is also essential. One example was reported by Abraham et al., (1997), in association
with a 1996 child-care center closure in Ontario, Canada, due to an outbreak of E. coli
O157:NM. The staff informed the parents about the outbreak by letter, and the parents
were requested to monitor their children for symptoms of enteric disease. Facility staff
also conducted an informational night to advise staff and parents on the importance of
hand washing. Another important area for parental education is the proper handling and
labeling of foods that are sent with the child to the care facility, such as breast milk,
snacks, and lunches. Thirty-five (35) states allow parents and guardians to provide food
for their children while attending a child-care center. Twenty-two (22) states allow this
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practice in small family day-care homes. Twenty-seven (27) allow it in large/group
family homes (27) (National Association for Regulatory Administration, 2010).

Regulations
Across the U.S. there are 329,882 licensed child-care facilities of which 32.49%
are child-care centers and approximately 60% are family day-care homes
(NCCITAC/NARA, 2010). Sixty-three percent of children are cared for in non-licensed
child-care facilities. Children presumably benefit from licensing with respect to the
spread of infectious diseases, prevention of fire, and other building safety hazards, as well
as injury and developmental impairment that could potentially result from the
irresponsible behaviors of untrained and unregulated workers (Children & Youth
Partnership for Dare County, 2011).
Licensure. Licensure provides an opportunity for a third-party, typically the local
regulatory agency, to assess practices through the process of an inspection in order to
maintain the mental and physical health of the enrolled children (Rhode Island
Department of Children, Youth and Families, 2012). Licensure is defined as the granting
of permission to operate a child-care facility by a local or state regulatory authority to
meet a set of baseline standards. Only one state, Idaho, does not license child-care
facilities at the state level; Idahoan licensure occurs at the local level. Child-care
facilities in Anchorage, Alaska, New York City, and select counties in Florida are also
licensed at the local level. Seven states (AZ, ID, LA, NJ, OH, SD, VA) do not license
small family day-care homes. Eleven states and the District of Columbia (AR, DC, ID,
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KY, LA, MD, ME, NC, NJ, VT, WA, WI) do not license large/group family day-care
homes (NARA, 2010).
Child-Care Facility Inspections. Supervision and monitoring of child-care
facilities are critical to facilitate continued compliance. The position statement of the
National Association for the Education of Young Children (NAEYC, 1997) says,
“Effective enforcement requires periodic on-site inspections on both an announced and
unannounced basis with meaningful sanctions for noncompliance.” NAEYC also
recommends that all centers and large and small family day-care homes receive at least
one site visit per year. Unannounced inspections have been shown to be especially
worthy when targeted to providers with a history of low compliance (Fiene, 1996). Fiene
found that compared with providers with a history of high compliance with regulations,
providers with a history of low compliance with regulations were found had lower
compliance with a specific regulation at an unannounced inspection than at an announced
inspection. Therefore, the author concluded that it would be an efficient way to use
limited state resources if conducting unannounced inspections on providers with a history
of low compliance.
Similar to state-level licensing, all states except Idaho require inspections of
child-care centers prior to issuing a license to ensure compliance with regulations. In 34
states the visits are announced giving the facilities time to prepare and so the inspection
might not identify common unsafe practices (Table 2.7). Inspections also occur at times
of license renewal and as part of routine compliance during the licensing period. The
frequency of inspections in child-care centers varies widely, from more than three times
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per year in Nevada and Tennessee, to less than once every three years in California.
Twenty-six (26) states require child-care centers to be inspected once per year.
Inspection frequency decreases in small and large family day-care homes, with some
states not requiring any inspection. In addition to inspections to determine compliance
with regulations, 40 states require environmental health inspections in child-care centers.
Only 12 states require environmental health inspections for small family day-care homes,
and 17 states require inspections for large/group family day-care homes (National
Association for Regulatory Administration, 2010).
Care of Children. Almost all states have regulatory requirements that detail the
daily activities that a child-care center must provide each day to meet a child’s
developmental needs. Toileting and hand washing is included in this category, with only
16 states requiring this activity in child-care centers. Five states (AK, IL, MO, RI, WV)
require this in small family day-care homes and eight states (AK, CT, GA, IL, MO, OR,
RI, WV) in large/group family day-care homes (NCCITAC/NARA, 2010).
Foodservice in Child Care. Twenty (20) states require child-care foodservice
operations to meet the FDA Food Code requirements. A comprehensive set of standards
is available from the National Resource Center for Health and Safety in Child Care and
Early Education. Specifically, Care for our Children: National Health and Safety
Performance Standards (American Academy of Pediatrics, 2011f) lists food safety
standards for (1) the preparation, feeding, and storage of human milk; (2) the preparation,
feeding, and storage of infant formula; (3) the cleaning and sanitizing of equipment used
for bottle feeding; (4) the cleaning and sanitizing of tableware and eating utensils; (5) the
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maximum numbers of children fed simultaneously by one single adult; and (6) safe
treatment and storage of leftover foods. Additionally, 48 states have requirements about
feeding infants in child-care centers; thirty-six (36) states have these requirements in
small day care homes—thirty-three (33) states for large/group family day-care homes
(NCCITAC/NARA, 2010; Table 2.7)
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Table 2.7. Summary of regulations related to the management of AGI in child-care centers and small and large day-care
homes
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s
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Admit mildly
ill children
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X
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Child-Care
Centers (MTWY)
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mildly ill
children
Admit mildly
ill children
DIAPERING
Required for
discarding
soiled diapers
Sanitize diaper
station after
each use
Exclusive sinks
for diaper areas
No diapering
sinks used for
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preparation
Wear gloves to
change diaper
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Conclusions
Prevention and control of diarrheal disease in child-care environments requires
the efforts of parents, staff, and regulatory agencies alike. Critical issues include
attention to the hygiene standards of the facility, the use of policies for exclusion of
symptomatic children, and training of staff in the basic principles of infection prevention
and control. Proper hand washing is the primary method of preventing transmission of
enteric pathogens in the child-care environment. In addition, children in diapers should be
separated from older children and cared for by separate staff. Caregivers involved in
diaper changing should not handle or prepare food, and food preparation areas should be
physically separated from diaper changing areas. Diaper-changing surfaces should be
disinfected between children and sinks should be adjacent to diaper-changing areas to
facilitate handwashing opportunities and reduce the spread of fecal matter within the
child-care facility (Churchill & Pickering, 1997). Regulations for child-care facilities play
an important role in providing guidance to child-care workers in hygiene and sanitation
practices as well as in monitoring the compliance of their practices. However, child-care
regulations vary among states. Cleaning and sanitizing practices should be emphasized in
child-care facilities as many studies have proven the effectiveness of these practices in
reducing the incidence rates of infectious diseases especially diarrheal illness. As to the
use of ABHRs, controversial results from studies exist regarding the intoxication of
alcohol in children by using ABHRs. To the concern of alcohol intoxication, the volume
of ABHRs used by children should be carefully considered before it is routinely used in
child-care facilities.
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CHAPTER THREE
METHODS
The goal of this study was to identify potential risk factors for spreading enteric
pathogens in the child-care environment. The specific objectives were:
1. Assess the sanitary conditions of classrooms and food preparation areas in
child-care facilities in North Carolina and South Carolina;
2. Record the hand-touch events of child-care providers in child-care facilities;
and
3. Characterize the hygiene and sanitation practices of child-care providers in
child-care facilities.
The research questions corresponding with these research objectives were:
Objective 1:
1. Did the sanitary conditions of classrooms meet the state child-care regulations
of North Carolina and South Carolina?
2. Did the sanitary conditions of food preparation areas meet the 2009 U.S. Food
Code?
3. Were handwashing sinks adjacent to the diaper-changing areas?
4. Were there trash cans adjacent to the diaper-changing areas?
5. Were trash cans for dirty diapers hands-free?
6. Were carpets installed in the diaper-changing areas?
7. Were carpets installed in the food preparation areas?
Objective 2:
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8. What surfaces in classrooms did child-care providers touch during the
observation period?
Objective 3:
9. Was each step of handwashing and diaper-changing practices performed by
child-care providers in compliance with the CDC handwashing and diaperchanging guidelines?
10. How were dishes usually cleaned in child-care facilities?
11. What sanitizer was usually used to sanitize an eating or a diaper-changing
surface and how was it prepared?
12. How and how often were carpets and rugs cleaned?
13. What type of flooring was installed inside classrooms?

Institutional Review Board (IRB) Approval
All data collection protocols of this research were reviewed by the IRBs at
Clemson University (Appendix A), North Carolina State University (NCSU), and
Research Triangle Institute (RTI) International to ensure all requirements on research
with human subjects were met. The Clemson University IRB approved the data collection
protocol (IRB2008-095) on March 20, 2008, using exempt review procedures.

Human Subjects Research Training
As required by the IRB, the Principal Investigator and all other research team
members completed the Social and Behavioral Science Research track modules that were
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available on the Collaborative IRB Training Initiative (CITI) website
(https://www.citiprogram.org/default.asp) and were certified by CITI prior to beginning
data collection.

Research Design
A cross-sectional study was used in this research because that method is
commonly used to examine a group of subjects at one point in time (Boushey et al., 2006).

Sample
Due to time and cost constraints, a convenience sample was used in this study.
To ensure that all study facilities shared similar characteristics, the research team
developed criteria for potential participating facilities. To participate, the child-care
facility must: 1) have been in operation for at least one year; 2) not be exclusive to dropins service or to children with special needs only; 3) care for at least three toddlers (i.e.,
children between the ages of 13 months and two years) and one infant (i.e., children
between the ages of zero and 12 months); and 4) serve lunch and snacks to toddlers
daily.
Facility Recruitment in South Carolina. An undergraduate research assistant
who did not participate in any on-site observations was responsible for recruiting childcare facilities in South Carolina. To facilitate the process of recruitment, the following
information was recorded in an Excel spreadsheet: the name of the county where the
facility was located, the name of the facility, the date the phone call was made, whether
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the director answered the call, and the answer from the director such as call back later,
refuse to participate, or agree to participate.
Contacts were made with directors of child-care facilities located in Anderson,
Greenville, Oconee, Pickens, and Spartanburg counties. Each child-care director was
contacted via telephone and asked to participate. If an interest was indicated, for the
purpose of inclusion they would be asked seven questions (Table 3.1) based on the
inclusion criteria. If facilities met the criteria for inclusion, further information about their
rights as participants of research, confidentiality policies, and their potential risks and
benefits of participation were introduced. All directors willing to participate were
requested to choose a possible date for data collectors to visit within two to four weeks
from the time contacts were made. All participating directors received an email to
confirm with their participation and the pre-scheduled date for site visit.

Table 3.1. Screening questions for facility recruitment in South Carolina

1.
2.
3.
4.
5.
6.
7.

Screening Questions
Has your facility been in operation for more than one year?
Is your facility for drop-ins only?
Does your facility provide child-care service only for children with special needs?
How many toddlers and infants were enrolled in your facility?
Do you serve lunch to toddlers daily?
Do you serve snacks to toddlers daily?
Do you think employees in your facility will be willing to participate in this study?
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Facility Recruitment in North Carolina. Contacts via telephone were made
with child-care directors who were active members within county child-care associations
or had attended training programs (e.g., nutrition or financial planning programs)
administered by Extension Agents from NCSU. After a brief introduction of the
objectives of the study, directors were asked for their willingness to participate. If they
indicated an interest, they would receive further information including written objectives
and consent forms via email or via mail. All directors willing to participate were
requested to choose a possible date for data collectors to visit within two to four weeks
from the time when contacts were made. All participating facility directors received an
email to confirm with their participation and the pre-scheduled date for site visit.
Incentive to Participate. Each participating site in South Carolina received a
“Thank you” card and children’s hand hygiene education books. Individuals in North
Carolina and South Carolina who completed the follow-up telephone survey received a
$50 Wal-Mart gift card.

Instruments and Forms
Informed Consent. Data collectors obtained signed consent forms from subjects
prior to collecting any data. By signing consent forms, subjects agreed to enter the
research and granted data collectors the permission to enter their facilities and conduct
research. In this study, consent forms for facility directors and employees are in
(Appendices B and C).
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Facility Director Survey. A paper-based survey was developed to obtain
information on facility characteristics, characteristics of staff, hygiene policies, meal
preparation, health conditions of employees and children, and training information from
facility directors. Questions on the facility director survey were adapted from two surveys.
One was the survey used by Enke et al. (2007) that collected facility demographic and
food safety training information from child-care center directors in Texas and Iowa. The
second survey was administered to restaurant managers in six states to collect
information on food preparation practices, training, and hygiene policies (Green et al.,
2007). Adaptions included changing wording and eliminating questions not relevant to a
child-care setting. Many day-care homes had one director, who was often the only
employee or child-care provider. Therefore, two versions of the director survey were
developed (Appendix D and E).
Direct Observation Protocol. To better characterize the hand-touch events (i.e.,
the hand contacts that child-care providers make with environmental surfaces and bare
skin) and hygiene and diaper-changing practices of child-care providers, direct
observation was used as counts and types of surfaces were the data source.. Data
collectors used digital voice recorders (iPods) and recorded behaviors of child-care
providers from a distance so as to remain unobtrusive. During a 45-minute period, data
collectors recorded steps of hand washing, steps of diaper changing, and names of
surfaces that child-care providers touched. To record the steps of hand washing by childcare providers, data collectors used phrases such as turn on faucet, rinse hands under
running water, used soap, use paper towels to dry hands, and turn off faucet. To record
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steps of diaper changing by child-care providers, data collectors used phrases such as
wear gloves to change diapers, use wipes to clean children, clean and sanitize diaperchanging surfaces after use, use disposable sheets on diaper-changing surfaces, disposed
dirty diapers in specified trash cans, and wash hands after changing diapers. To record the
hand-touch events of child-care providers, data collectors used phrases, such as touch
diaper-changing surfaces, turn on faucet, and hold children’s hands.
Assessment of Inter-Observer Reliability. A potential bias introduced into
results collected using direct observation methods is observer bias, which could greatly
decrease the reliability of collected observational data. Observer bias is the error
introduced into results when an observer is influenced by prior knowledge or experience
of the situation, or subjects, or participants under investigation (Redmond et al., 2004). In
order to reduce the effect of observer bias, a high inter-observer reliability (IOR) must be
reached (85%). IOR is often used to determine the reliability of data collected via direct
observation. IOR can also suggest the level of agreement among observations of the same
subject made by different observers. Agreement among observers is essential to ensure
that data collected via direct observation is reliable.
To reach a high IOR (85%), all data collectors practiced observing hand-touch
events and hygiene practices of child-care providers with a series of written scenarios and
five 5-minute video scenarios. Three paragraphs describing routine work activities (e.g.,
change diapers, wash hands, and feed children) of child-care providers were provided in
each written scenario. Similarly, each video scenario recorded routine work activities of a
child-care provider. In each scenario, data collectors practiced to record every surface
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that a child-care provider made hand contact with indicate the locations as she moved,
and describe the steps she used to wash her hands or change diapers. IOR test was
conducted via a 5-minute video exercise where data collectors actually used digital voice
recorders (iPods) to record the hand-touch events and hygiene practices of a child-care
provider as well as her location as she moved around different areas in a room (e.g.,
handwashing sink and diaper-changing area). A research consultant from the Research
Triangle Institute (RTI) International, who had prior practiced observing and recording
hand-touch events and hygiene practices of child-care providers in three classrooms of
three child-care facilities, was recruited as the gold standard observer in this study. Two
5-minute videos were developed for IOR test purposes. In each video, the gold standard
observer recorded 85 surfaces and locations. Results of observations by this gold standard
observer were used as standard answers for each test video. Audios that data collectors
recorded via the test video were transcribed into narratives by an undergraduate research
assistant who did not participate in the test. Surfaces and locations recorded by data
collectors were compared to those recorded by the gold standard observer. Observers
could score 100 if they recorded the exact same 85 surfaces and locations as those
recorded by the gold standard observer. If the observer missed recording one surface or
location, one point was subtracted from the observer’s total score. If the observer
recorded a surface or location that was not recorded by the gold standard observer, a halfpoint was subtracted from the observer’s total score. Previous studies required their IOR
to be ranged between 80% and 90% (Ball et al., 2007; Ward et al., 2008). In this study,
each data collector’s recording was required to be at least 85% accurate, which meant
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each data collector had to record at least the exact same 73 surfaces and locations as those
recorded by the gold standard observer. Five observers met the 85% accuracy
requirement in their first IOR test. Observers scoring less than 85% were required to take
another IOR test by completing a second video test. Three observers met the requirement
by taking the second IOR test.
Facility Audit Forms. Two audit forms were designed to assess hygiene
conditions of classrooms (Appendix F) and food preparation areas (Appendix G).
Hygiene conditions of food preparation areas in this study were referred to the cleanliness
of kitchen equipment (such as stove and refrigerator), the personal hygiene practices of
foodservice workers (such as wear gloves when preparing food), the availability of
handwashing equipment (such as soap and handwashing sinks), and the storage of food
and clean dishes and utensils. Hygiene conditions of classrooms in this study were
referred to the cleanliness of classroom equipment (such as soft/hard surface toys and
trash cans), the personal hygiene of child-care providers and children (such as the
cleanliness of clothes), and the availability of handwashing equipment (such as soap and
handwashing sinks). Indices on the food preparation area audit form were developed
based on the 2009 Food Code (U.S. Food and Drug Administration, 2009). If the
regulations different between North Carolina and South Carolina, the indices on the
classroom audit form was based on the more rigorous of the two state child-care facility
regulations (North Carolina Department of Health and Human Services, 2003; South
Carolina Department of Social Services, 2006).
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Food Preparation Area Audit Form. Data collectors used the food preparation
audit form to collect information about proper storage of dry food, dishes and utensils,
and conditions of kitchen equipment. Data collectors checked the availability of
handwashing equipment, such as soap, warm water, handwashing sinks, and hand-drying
devices. Also, data collectors audited personal hygiene practices (e.g., gloves and hair
restraints) of foodservice workers (if workers were handling food by the time of audit),
the set up of dishwashing sinks, and the working conditions of dishwasher. Finally, data
collectors recorded whether a food safety certification was present in the food preparation
area, whether a thermometer was present in the refrigerator, and the ambient temperature
inside the refrigerator. If there were two refrigerator in the facility, the major refrigerator
which was more frequently used by foodservice workers would be chosen to collect
sample from.
Classrooms Audit Form. Data collectors used the classroom audit form to
collect information about personal hygiene practices, such as clean clothes worn by childcare providers as well as health conditions like any signs of illness of child-care providers
and children. Data collectors also determined the cleanliness and conditions of classroom
equipment, toys, and environmental surfaces by auditing if the surfaces were smooth,
intact, nonabsorbent, and easily cleanable, if these surfaces were clean and free of breaks,
and if any open seams, cracks, chips, pits and other imperfections were present on these
surfaces. Data collectors recorded whether a trash can was hands-free and plastic lined.
Data collectors also audited the availability of handwashing facilities like soap, warm
water, handwashing sinks, and hand-drying devices. In addition, data collectors recorded
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if a refrigerator was available, whether a thermometer was present in the refrigerator, and
the ambient temperature inside the refrigerator.
To record the audit results, data collectors were instructed to check “Yes” for
compliance, “No” for deviation, or “NA” for not applicable. As well, space was provided
for data collectors to note down any deviations or comments. Data collectors used a grid
sheet to sketch a floor plan of each audited classroom. On the floor plan, the location and
number of handwashing sinks, food preparation areas, eating areas, diaper-changing areas,
play areas, sleeping areas, storage areas for children’s personal belongings, refrigerators,
and trash cans were noted.
Development of Microbiological Sampling Methods. The microbiological
samples collected in conjunction with this study were analyzed and reported by You Li, a
graduate assistant at NCSU as part of his Ph.D. dissertation. Microbiological samples
were collected from four environmental surfaces (i.e., diaper-changing surface,
refrigerator door handle, handwashing sink faucet, and hard surface toy) in each type of
classrooms and the hands of the observed child-care providers in each of the audited
classrooms and one foodservice worker in each facility.
The method for collecting microbiological samples from environmental surfaces
was adapted from Staskel et al. (2007), which evaluated foodservice surfaces in childcare centers. 3MTM swab-samplers with 1 ml and 10 ml Latheen Broth (3M, St Paul, MN)
were employed to collect microbiological samples from environmental surfaces. This
swab-sampler had a pre-measure volume of Letheen Broth in a tube with screw cap and
attached swab. The pre-moistened swab was deposited in the Letheen Broth. The area
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sampled for microbiological analysis of flat/regular environmental surfaces (e.g., diaperchanging surface) was held consistent by swabbing within a 10 cm×10 cm disposable
cardboard template (Weber Scientific, Hamilton, NJ). On irregular environmental
surfaces (like faucets and refrigerator handles) where the template could not be used, the
entire surface was swabbed.
The method described by Kampf et al. (2006) was used to collect microbiological
samples from hands. This method was a minor modification of the European test
standard (i.e., prEN 12791, developed by the German Society for Hygiene and
Microbiology) for evaluating hand-hygiene. This method was chosen over U.S. methods
(in particular, ASTM method E 1115) because it is rapid, limited to the fingertips, and
results in a small sample volume (10 ml), which are amenable to PCR-detection of
pathogens.
Director Follow-Up Telephone Interview. The follow-up interview with childcare directors was conducted on the telephone instead of mailing paper-based
questionnaires. This decision was made because all interview questions were open-ended
and secondly because interviewing directors via telephone could maximize the response
rate.
The interview questions were developed to obtain information on specific
sanitation and hygiene practices and policies from directors, including the use of hand
sanitizer, types of soap used for hand washing, cleaning and sanitizing practices, the use
and preparation of sanitizers, flooring, carpet and rug cleaning practices, and the
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availability of written and verbal procedures for cleaning up vomitus and fecal matter
(Appendix M)
Piloting Instruments. The director questionnaire and audit forms were pretested
in five child-care facilities prior to the full-scale data collection. Following the pretest,
the wording of questions on the director questionnaire was changed to improve
readability and enhance understanding of the questions. As well, the wording of indices
on the audit forms was revised to improve readability and enhance understanding of the
questions.

Data Collectors and Their Training
Data Collector Recruitment. Ten data collectors were recruited in North
Carolina--eight North Carolina Cooperative Extension Family and Consumer Sciences
Extension Agents and two graduate research assistants at NCSU. Extension agents were
recruited through targeted requests based on counties where initially selected sites were
located. The Principal Investigator at Clemson University and two M.S. graduate research
assistants served as data collectors in South Carolina. Therefore, a total of thirteen data
collectors completed all data collection in this study.
Data collectors attended a two-day training held at RTI International, which
covered administering informed consent and facility director surveys, conducting facility
audits, methods for collecting microbial samples, and conducting observations on
handwashing practices, diaper-changing practices, and hand-touch events of child-care
providers. A notebook was distributed to each data collector, containing samples of data
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collection forms: director consent form (Appendix B), employee consent form (Appendix
C), day-care home director survey (Appendix D), child-care center director survey
(Appendix E), classroom audit form (Appendix F), food preparation area audit form
(Appendix G), and child-care project Q&A sheet (Appendix N) as well as instructions of:
administering informed consent (Appendix H), administering director survey and
conducting facility audit (Appendix I), conducting observations on child-care providers
(Appendix J), and using digital voice recorder (Appendix K).

Data Collection
Data collection was conducted from October 2010 to April 2011. Site visits were
completed by February 2011 and director follow-up interviews were completed by the
end of April 2011.
Confirmation of Site Visit. Each participating facility received a phone call two
days before the pre-scheduled day to confirm the date for the site visit. The exact time of
site visit was not revealed to any participating facilities.
Identification Code. To maintain the privacy of participating facilities and
participants, names were not recorded on any completed data forms. An identification
code (ID) was assigned to each participating child-care facility, which consisted of state
abbreviation, county abbreviation, and a random selected number (e.g., SCAND001,
SCGRE003). Only facility IDs were recorded on completed data forms and
microbiological samples.
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Informed Consent. Before beginning any on-site activities, data collectors
administered informed consent to directors, child-care providers, and foodservice
workers. Data collectors reviewed consent forms verbally with participants and answered
any questions. If they agreed to participate, each participant would be asked to sign a
consent form that would be kept by data collectors. A blank consent form was left to each
participant for her record. Facility ID was recorded on each consent form.
Facility Director Surveys. After the director signed the consent form, they were
asked to complete the facility director survey. Facility IDs were recorded on the surveys.
To ensure directors had sufficient time to consider their answers, surveys were given to
directors before initiating all onsite activities and collected before data collectors left the
facility.
Facility Audits. Before initiating any observations, data collectors conducted 15minute facility audits, allowing providers to adjust to their presence. This would
minimize the Hawthorne Effect. If the facility only had one classroom of each type, data
collectors would go into each classroom to collect data. If the facility had multiple
classrooms of the same type, such as several infant rooms, data collectors would have
director to randomly assign a classroom to collect data.
Classroom Floor Plan Sketches. Data collectors noted the design for a
classroom by indicating both the locations and the number of the following items:
handwashing sinks, food preparation areas, eating areas, diaper-changing areas, play
areas, sleeping areas, storage areas for children’s personal belongings, refrigerators, and
trash cans.
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On-Site Observations. To remain unobtrusive, data collectors were required to
maintain distances from and minimize interactions with child-care providers that were
observed. Data collectors informed child-care providers that attention would be paid to
hygiene in general without specifically mentioning handwashing and diaper-changing
practices.
At each facility, observations were conducted in one infant room, one toddler
room, one combined room if no separated infant room and toddler room were available,
and one preschooler classroom. One child-care provider in each classroom was randomly
selected for observation. In each classroom, activities of a randomly selected child-care
provider were observed and recorded on a digital voice recorder (iPod).
The hand-touch events, handwashing practices, and diaper-changing practices of
the lead child-care provider were observed and recorded for a 45-minute period. At the
beginning of each observation, data collectors would record the type of classroom and the
number of children and providers present in the classroom. If a child-care provider
washed her hands, data collectors would time the duration of hand washing under running
water, indicate whether soap was used, and indicate the type of hand-drying devices that
was used. A compliant hand washing was defined as a child-care provider performed all
these handwashing steps recommended by the CDC handwashing guidelines. If the lead
child-care provider changed diapers during observation, data collectors would record
each step of her diaper-changing practices such as if the child-care provider wore gloves
and changed gloves in between when several diapers were changed. Data collectors also
indicated whether the child-care provider used a wipe to clean the child, cleaned and
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sanitized the diaper-changing surface after use, and used a disposable sheet on the diaperchanging surface. In addition, they recorded if providers disposed of dirty diapers in a
specified trash can and washed her hands after changing diapers. A compliant diaper
changing was defined as a child-care provider performed all these diaper-changing steps
recommended by the CDC diaper-changing guidelines. Each site visit was scheduled
between 9:30 a.m. and 1:30 p.m. to ensure the entire range of practices of child-care
providers were observed and data were collected in a similar time frame among facilities.
In several sites, observations were conducted when children were playing outdoors.
Microbiological Sample Collection. In each classroom where a child-care
provider was observed, samples were collected. Microbiological samples were collected
from both environmental surfaces and hands of observed child-care providers and one
foodservice worker in each facility. Each microbial sample was assigned an ID number
combined with the facility ID. For example, a sample collected from the left hand of a
foodservice worker in the food preparation area in a child-care facility located in
Anderson, South Carolina would be labeled as SCAND00101L. Facility ID and sample
ID were labeled on each collected sample. To avoid contaminating sampled surfaces, data
collectors wore single-use gloves to collect samples and changed gloves when changing
rooms from which samples were collected and collecting samples from hands.
Samples were collected from regular surfaces, such as diaper-changing tables, and
irregular surfaces such as handwashing sink faucets. Selected environmental surfaces
included one diaper-changing surface, one warm-water faucet, one hard surface toy (such
as a toy car or a toy ball), one refrigerator handle, and another refrigerator handle in the
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food preparation area. If the refrigerator did not have a handle, data collectors would
swab a 10 cm×10 cm area where the refrigerator door was touched to open and close. If
no refrigerator was present in the classroom, another at-risk surface would be chosen and
swabbed. An at-risk surface was defined as a surface that was visibly soiled or a surface
where contamination was observed.
Two different areas on each selected environmental surface were swabbed for
viral and bacterial analysis purposes. The sampler that had 1ml Latheen Broth was used
to collect sample for viral analysis purpose and the sampler that had 10ml Latheen Broth
was used to collect sample for bacterial analysis purpose. To collect samples, the
moistened swab was rubbed slowly and thoroughly in horizontal, vertical, and diagonal
directions, over a 10 cm×10 cm area on the target surface.
Hand Samples. Samples were collected from hands of observed child-care
providers and hands of one foodservice worker in the food preparation area in each
facility. One tube containing 10 ml sterilized tryptic soy broth was aseptically transferred
into one sterilized Petri dish (9 cm in diameter). The distal phalanges of a participant
were rubbed separately, including the thumbs, for one minute in the sterile Petri dish. The
sampling fluid was then aseptically transferred in its entirety to a sterile capped plastic
vial. The same procedures were followed for sample collection from participant’s the
other hand.
The data collectors filled out a sample collection checklist (Appendix L) to ensure
all microbiological samples were collected. As samples were collected, they were packed
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in a cooler with four ice packs and shipped to the analytical laboratory at NCSU within
24 hours using an overnight delivery service.
Director Follow-Up Interviews. An interview was conducted one month after
completing all on-site data collection. In each case, data collector contacted directors via
telephone and briefly introduced the purpose of the interview as well as the benefits of
participation. Directors were asked for their willingness for participation. If they
indicated an interest, data collector would ask them questions listed on the director
interview questionnaires. Data collector recorded answers of directors on the
questionnaires. Each child-care facility director in North Carolina and South Carolina
was offered a $50 Wal-Mart gift card for participating in the interview.
Post-Study Outbreak Information Collection. Twelve county health
departments in North Carolina were contacted via telephone to obtain publicly available
information regarding outbreaks of AGI in a total of 18 child-care facilities visited in this
study. For all counties, a main telephone line was called and a standard script was used to
introduce the caller himself/herself and purpose of the call. The caller relied upon office
staff to direct them to the staff member that would have the desired information. If a
voicemail was reached, a message following the script and a contact number would be
left. If a response was not received within 36-48 hours after the first call, another call was
initiated. If a number was available for the appropriate staff member, they would be
contacted directly for the second call. If a number was not available, a call would be
initiated to the main office line again. Calls were repeated in this fashion until all
facilities had been contacted and surveyed. Gastrointestinal outbreak information of 22
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child-care facilities visited in South Carolina was obtained by mailing an Information
Request Form to an officer from the South Carolina Department of Health and
Environmental Control.

Data Management
To maintain the confidentiality of data, all completed data forms were securely
stored in a locked drawer inside the offices of two Principal Investigators of this research
(one in South Carolina and one in North Carolina). Only a limited number of research
team members had access to the data. Files that linked an ID to a facility were stored in a
location that separated them from the completed data forms. Only the two Principal
Investigators of this study had access to these link files. All link files were destroyed after
the data had been entered and verified.
The facility ID and sample ID were labeled on the container of each tube that
contained sample. All link files were destroyed after results from the microbiological
analysis had been entered and verified. For the purposes of securely managing
observational audios and transcripts, a statistic analyst from the RTI International created
an file transfer protocol (FTP) site, where a username and password were required for
entry. Only all data collectors, a coder who was an undergraduate research assistant, and
the analyst had accesses to this FTP site. After data collectors returned from child-care
facilities, all audios were renamed with facility IDs. Data collectors uploaded all renamed
observation audios to the FTP site. Notification emails were sent to the coder each time
data collectors uploaded observation audios. The coder transcribed and checked all the
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observation audios. The analyst would receive notification emails each time the coder
transcribed an observation audio and uploaded the transcript.

Statistical Analysis
Observational Data Analysis. A coder, an undergraduate research assistant who
did not participate in the observation, transcribed all observation audios into narrative
texts in an Excel spreadsheet. Specifically, the observational data were analyzed for the
implementation of the following actions:
•

Compliance of observed hand-washing practices with CDC guidelines;

•

Compliance of diaper-changing practices with CDC guidelines; and

•

Number of hand contacts that child-care providers made with each type of
environmental surface.
Coding Handwashing Practices. A compliant hand washing in this study was

defined as a child-care provider performed all recommended handwashing steps with the
CDC handwashing guidelines. To generate a database for handwashing practices of childcare providers, the coder, an undergraduate research assistant, first went through all
transcripts and identified facilities where handwashing events occurred. Then the coder
created an Excel spreadsheet to enter handwashing practices data. On the spreadsheet, the
coder entered the information of each handwashing event by indicating the facility ID,
room type, duration of handwashing, whether soap was used, whether hand sanitizer was
used, whether paper towels were used, and after what activity the handwashing event
occurred (such as the handwashing event occurred after the child-care provider changed
diapers). Three variables (duration of handwashing, whether soap was used, and whether
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paper towels were used) from the spreadsheet were used to evaluate if a handwashing
event was compliant with the CDC handwashing recommendations. This information was
also entered in the spreadsheet. Frequencies were calculated using SAS 9.2 software
package (SAS Institute, Inc., Cary, North Carolina) and the PROC FREQ codes.
Coding Diaper-Changing Practices. A compliant diaper changing in this study
was defined as a child-care provider performed all recommended diaper-changing steps
with the CDC diaper-changing guidelines. To generate a database for diaper-changing
practices of child-care providers, the coder first went through all transcripts and identified
facilities where diaper-changing events occurred. Then the coder created an Excel
spreadsheet to enter diaper-changing practices data. On the spreadsheet, the coder entered
the information of each diaper-changing event by indicating facility ID, room type,
whether the provider wore gloves, whether: a wipe was used to clean a child and a
diaper-changing surface was cleaned and sanitized. Also, the coder indicated whether a
disposable sheet was used on diaper-changing surface, whether dirty diapers were
disposed of in a specified trash can, and whether a child-care provider washed her hands
after changing diapers. Information indicated in the spreadsheet also included whether a
child-care provider changed gloves in between several diaper-changing tasks.
Researchers then used all the variables on the spreadsheet to evaluate if a diaperchanging event was compliant with the CDC diaper-changing recommendations. This
information was also entered in the spreadsheet. Frequencies of each variable were
calculated in the SAS 9.2 software package (SAS Institute, Inc., Cary, North Carolina)
using PROC FREQ codes.
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Coding Hand-Touch Events. To generate a database of hand-touch events in a
spreadsheet, the coder first went through all transcripts and identified all environmental
surfaces and bare skin that child-care providers made contacts with. Then the coder
generated a list of all surfaces that were touched during the entire observation (Table 3.2).
Researchers divided these surfaces into three categories by the surface type: porous
surfaces, nonporous surfaces, and bare skin. Nonporous surfaces were defined as
“Surfaces that have no openings to allow liquid to be absorbed or pass through.” Porous
surfaces were defined as “Surfaces that have tiny openings which allow liquid to be
absorbed or to pass through” (Pesticide Glossary, 2006). Bare skin was defined as a
person’s body parts that were not covered by clothes. For the purpose of statistical
analysis, researchers assigned “1” for nonporous surfaces, “2” for porous surfaces, and
“3” for bare skin. Researchers then assigned each type of surfaces (such as diaperchanging surfaces and sink faucet) with a number, defined as surface code in this study
(Table 3.3). A descriptive analysis on these nominal data was conducted for the
frequency distribution. By referencing to the list of surface codes, the coder created a
database for hand-touch events by indicating facility ID, room type, density of surfaces,
surface code, as well as the name of surfaces (e.g., faucet, diaper-changing table, or light
switch). Frequencies were calculated in the SAS 9.2 software package (SAS Institute,
Inc., Cary, North Carolina) using PROC FREQ codes.
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Table 3.2. Definitions of and criteria for hand-touch events and compliant hygiene
practices
Term
Handwashing Event

Definition/Criteria
A handwashing event was
considered as an “attempt” when a
provider turned on the sink faucet
and put her hands under running
water.
• Use soap for hand washing.
• Rinse hands under warm running
water for at least 15 seconds.
• Dry hands with approved drying
devices such as clean disposable
paper towels or air dryer.
The number of handwashing events
that were compliant with the CDC
handwashing recommendations
divided by the total number of
handwashing events.
A compliant handwashing event was
defined as an event when a childcare provider performed all
recommended handwashing steps
with the CDC handwashing
guidelines.
A diaper-changing event was defined
as an event when a child-care
provider changing diapers.
• Child-care provider wore gloves.
• Child-care provider used wipes
to clean a child before changing a
clean diaper.
• Disposable sheets were used on
diaper-changing surfaces.
• Dirty diaper was disposed in a
specified trash can.
• Child-care provider washed
hands after changing diaper.
• Child-care provider changed
gloves between changing diapers
on multiple children.
Diaper-changing surface was cleaned

Compliant Handwashing Stepsa

Compliance Rate of Hand Washing

Compliant Handwashing Event

Diaper-Changing Event
Compliant Diaper-changing Stepsb
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Term

Definition/Criteria
and sanitized after every use.
The number of diaper-changing
Compliance Rate of Diaper Changing
events that were compliant with the
CDC diaper-changing
recommendations divided by the
total number of diaper-changing
events.
A compliant diaper-changing event
Compliant Diaper-Changing Events
was defined as an event when a
child-care provider performed all
recommended diaper-changing steps
with the CDC diaper-changing
guidelines.
A hand contact that a child-care
Hand-Touch Event of a Child-Care
provider made with an
Provider
environmental surface like a diaperchanging surface or bare skin like a
child’s hands.
a.
The CDC handwashing recommendations (2002) were used as standards to evaluate
the quality of handwashing practices of child-care providers.
b.
The CDC diaper-changing recommendations (2003) were used as standards to
evaluate the quality of diaper-changing practices of child-care providers.

To evaluate the sanitary conditions of classrooms and food preparation areas, the
audit data collected from these areas were entered into two Excel spreadsheets
respectively by indicating facility ID, room type, audit item, and whether the practice was
compliant (“Y” for yes, “N” for no, and “N/A” for not available). Frequencies were
calculated in SAS 9.2 software package (SAS Institute, Inc., Cary, North Carolina) using
PROC FREQ codes.
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Table 3.3. List of surface codes for environmental surfaces and bare skin
Type of Surfaces

Code

Nonporous Surfaces
Doorknobs
Water fountains
Bathroom stall and sink hardware
Paper towel dispenser
Soap/sanitizer dispenser
Food-contact surfaces, including nonporous food packaging, counter tops,
plate, utensils, and bowls.
Light/fan switches
Common telephones
Handrails
Hard surface toys/games
Diaper-changing table/diaper-changing pad
Hard fixtures and hard, nonporous furnishings
Nonporous shared classroom equipment (i.e., musical instruments, cribs,
nonporous art supplies such as markers, crayons, and pencils)
Physical education shared equipment (e.g., balls)
Cafeteria tables, chairs, and highchairs used by toddlers and infants during
meal/snack times
Nonporous cleaning items (e.g., box of wipes, spray bottle, box of gloves,
nonporous gloves, plastic bags)
Dirty diaper trash cans (includes trash can lid).
Other trash cans (not for dirty diapers) includes trash can lid.
Pacifiers
Cooking equipment (e.g., microwave, stove)
Other nonporous surfaces
Refrigerator (includes refrigerator handle)
Porous Surfaces
Soft surface toys/games
Bedding, including pillow, blankets, mattress, and sheet.
Childcare provider’s clothes
Children’s clothes
Rug/carpeting or porous/semi-porous play mats
Upholstered furniture (upholstered)
Other porous surfaces
Porous cleaning items (e.g., wet wipes, tissues, paper towels, cotton balls,
paper bags, and cloths)
Wooden spoons/cutting boards
Papers and books
Clean diapers
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1
2
3
4
5
6
7
8
9
11a
12
14
15
16
17
18
26
27
36
37
38
39
19a
20
21
22
23
24
25
35
40
41
42

Type of Surfaces

Code

Bare Skin
Children’s hands
28
Children’s faces
30
Other children’s other body parts (e.g., arm, leg, hair)
31
Child-care provider’s face
32
Child-care provider’s hands
33
a.
Surface code “10” was originally assigned to “toys”. This surface code was then
deleted because toys were divided into “hard surface toys” and “soft surface toys”.

Calculation of Hygiene Scores. In order to provide an aggregate measure of the
sanitary conditions of classrooms and kitchens, hygiene scores of these areas were
computed. Indices relevant to sanitary conditions were used for computing hygiene
scores. To calculate the hygiene scores, the compliance rate of item was first calculated
by assigning “0” to item that was not compliant and “1” to item that was compliant. If
one item of all facilities was in compliance, then this item was omitted from the index
calculation because this item would not have an effect across groups. Also omitted from
the index calculation, were audit items in which more than 50% of facilities did not have
the item evaluated.
For the hygiene score calculation index for the food preparation areas, the
following items were omitted from the index because all observations were in compliance,
or the items had missing data or not applicable data: clean dishes and utensils stored at
least six inches off the floor, work table clean and in good repair, and handwashing sink
has warm water. For the hygiene score calculation index for classrooms, the following
items were omitted from the index because all observations were in compliance, or the
items had missing data or not applicable data: child care providers were well-groomed,
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child care providers were in good health, children’s belongs were in clean dry place, hard
surface toys were clean and in good repair, changing pads or other changing surfaces
were clean and in good repair, trash cans for dirty diapers were plastic-lined, and trash
cans for dirty diapers were hands-free. Approximately 57% (29/51) of the classrooms did
not have a refrigerator thus the audit items related to the refrigerator were excluded from
the index. Approximately 40% (20/51) of classrooms did not have bedding, cribs, play
mats, and high chairs, thus these audit items were excluded from the index.
Table 3.4 shows these indices. An index score of one food preparation area or one
classroom was calculated by summing all items. A sum of index scores of all food
preparation areas or classrooms was calculated. The mean index score was computed by
dividing the sum of index score by the total number of food preparation areas or
classrooms. Analyses were performed with the SAS 9.2 software package (SAS Institute,
Inc., Cary, North Carolina).
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Table 3.4. Calculation of hygiene indices
Food Preparation Area Hygiene Index
(Index Score 0-10)
Food was stored at least six inches off the
floor.
Food was stored in closed containers or
packages.
Stove and refrigerator were clean and in
good repair.
Dishwashing sink was properly set up.

Classroom Hygiene Index
(Index Score 0-8)
Soft surface toys were clean and in good
condition.
Trash cans were clean.
Non-diaper trash cans were plasticlined.
Eating surfaces were clean and in good
repair.
Floor areas where children play were
clean.
Handwashing sink had warm water.

Handwashing sink had soap.
Handwashing sink had an approved
drying device.
Foodservice workers were wearing clean
clothes during food preparation.
Foodservice workers were wearing hair
restraints during food preparation.
Foodservice workers were wearing gloves
during food preparation.
Foodservice workers were not wearing
jewelry during food preparation.

Handwashing sink had soap.
Handwashing sink had an approved
drying device.

Facility Director Surveys and Director Follow-Up Interviews Data Analysis.
Responses to the facility director surveys and director follow-up interviews were
analyzed with the SAS 9.2 software package (SAS Institute, Inc., Cary, North Carolina).
Frequencies of responses to each question were calculated. Questions with missing data
and questions not applicable or not observed were excluded from analysis. Table 3.5 is a
summary of methods used for statistical analysis.
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Table 3.5. Summary of statistical methods used in this study
Variable

Data
Collection
Method

Information
Collected

If compliance
Statistical
rate was
Analysis
calculated,
which
guidelines were
used
Not applicable
Frequencies

Facility
Director
characteristics survey

• Demographic
characteristics of
child-care facilities;
• Characteristics of
staff in child-care
facilities;
• Accreditation and
training in childcare facilities.

Hygiene and
sanitation
policies in
childcare
facilities

Director
follow-up
interview

• Hygiene and
sanitation policies
in child-care
facilities;
• Hygiene and
sanitation practices
in child-care
facilities.

Not applicable

Frequencies

Compliance
of classroom
design

Facility
audit

• Flooring in diaperchanging area;
• Availability and
property (i.e.,
hands-free) of trash
cans for dirty
diapers;
• Availability of
handwashing sinks
and their locations;
• Whether or not the
diaper-change area
was adjacent to an
eating area.

North Carolina
and South
Carolina state
child-care
regulations

Frequencies of
design that
was compliant
with the state
child-care
regulations of
North Carolina
and South
Carolina
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Variable

Data
Collection
Method

Information
Collected

Facility
audit

• Refrigeration;
• Food storage;
• Working and
sanitary conditions
of kitchen
equipment;
• Availability of
handwashing
equipment;
• Personal hygiene
practices of
foodservice
workers.

Sanitary
conditions of
classrooms

Facility
audit

• Conditions of toys;
• Conditions of trash
cans;
• Availability of
handwashing
equipment;
• Conditions of
environmental
surfaces (i.e., eating
table, diaperchange surface, and
play area).

Compliance
of
handwashing
practices of
child-care
providers

Observation • Length of
handwashing time

Sanitary
conditions of
separated
food
preparation
areas

• Use of soap
• Use of paper towel
or air dryer
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If compliance
rate was
calculated,
which
guidelines were
used
2009 Food
Code

Statistical
Analysis

Hygiene
scores

North Carolina
and South
Carolina state
child-care
regulations

Hygiene
scores

CDC
handwashing
guidelines

Frequencies of
handwashing
practices that
were
compliant with
the CDC
handwashing
practices

Variable

Compliance
of diaperchange
practices of
child-care
providers

Hand-touch
events

Data
Collection
Method

Information
Collected

Observation • If child-care
providers wore
gloves;
• If child-care
providers used
wipes to clean
children after
changing diapers;
• If disposable sheets
were used on
diaper-changing
surfaces;
• If child-care
providers washed
hands after
changing diapers;
• If child-care
providers changed
gloves between
changing diapers
on multiple
children.
Observation Types of surfaces
touched by child-care
providers
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If compliance
rate was
calculated,
which
guidelines were
used
CDC diaperchanging
guidelines

Not applicable

Statistical
Analysis

Frequencies of
diaperchanging
practices that
were
compliant with
the CDC
diaperchanging
guidelines

Frequencies of
hand contacts
on
environmental
surfaces and
bare skin

CHAPTER FOUR
RESULTS
Forty (40) child-care facilities were recruited to participate in the study; 18
facilities were in North Carolina and 22 in South Carolina. Most were child-care centers
(31). The 57 classrooms audited at the 40 sites included 18 infant rooms, 20 toddler
rooms, 13 combined classrooms, and 6 preschooler classrooms. Of the 40 facilities, 35
had a separate food preparation area.
Observational data was collected from all sites but the data from three facilities
were excluded from analysis due to the poor quality of observation audios so the data
could not be transcribed, therefore, only observational data from 51 classrooms at 37
facilities were reported (Table 4.1). Of these 37 facilities, 16 were in North Carolina and
21 were in South Carolina; 30 were child-care centers and 7 were child-care homes.
These 51 classrooms included 18 infant rooms, 18 toddler rooms, 11 combined rooms,
and 4 preschooler classrooms. Of 35 food preparation areas, three were excluded from
analysis because they were inside the classroom. Therefore, only results of 32 food
preparation areas were reported. A total of 30 facility directors participated in the director
follow-up interviews. Of these 30 facilities, 9 were in North Carolina and 21 were in
South Carolina.
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Table 4.1. Summary of sample sizes
Number of
facilities

Director
40
surveys
Classroom
35
audits
Food
32
preparation
area audits
Observations
37
on child-care
providers
Director
30
follow-up
interviews
a.
Not applicable

Number of
classrooms
NAa

Number of
food
preparation
areas
NA

Number of
child-care
providers
NA

51

NA

NA

NA

32

NA

51

NA

51

NA

NA

NA

Facility Director Surveys
Characteristics of Child-Care Facilities. All 40 child-care facility directors
completed the Director Survey. Table 4.2 describes facility characteristics. When asked
about the profit status of facilities, 43.8% (14/32) of facilities identified as for profit and
43.8% (14/32) non-profit. About 50% (6/14) of non-profit child-care facilities were
church sponsored. Nearly all (13/14) of for-profit child-care facilities were independently
owned and operated.
The average provider to child ratio of 18 infant rooms was 1: 3. The average
provider to child ratio of 20 toddler rooms was 1: 2.8. The average provider to child ratio

109

of 13 combined rooms was 1: 3.2. The mean provider to child ratio of six preschooler
classrooms was 1:5.
Regarding accreditation status of child-care programs, 17.5% (7/35) of child-care
facilities were accredited by the National Association for the Education of Young
Children (NAEYC). As well, 42.5% (17/40) of child-care facilities participated in the
Child and Adult Care Food Program (CACFP). On average, meals were served 1.8 timers
(range: 1.8 – 2.0) per day and snacks were served 1.6 times (range: 1.2 – 1.9) per day
respectively in 33 child-care facilities. Over half (60%, 24/39) of facilities served meals
and snacks that provided by parents and 52.2% (21/39) of facilities prepared meals and
snacks in the kitchen.
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Table 4.2. Characteristics of child-care facilities (N=40) in North Carolina and South
Carolina

Facility Characteristics

North Carolina South Carolina

Total

Number of facilities (Percentage)a
Legal status of child-care facilitiesb (n=10)
(n=19)
(n=29)
For profit
14
(48.3%)
6 (60.0%)
8 (42.1%)
Non-profit
14
4 (40.0%)
10 (52.6%)
(48.3%)
Not applicable
0
1 (5.3%)
1 (3.4%)
Type of nonprofit facility
(n=4)
(n=10)
(n=14)
Head Start Program
0
2 (20.0%)
2 (15.4%)
Church sponsored
0
6 (60.0%)
6 (46.2%)
Business/corporate sponsored
0
1 (10.0%)
1 (7.1%)
University sponsored
0
0
0
Public school sponsored
3 (75.0%)
0
3 (23.1%)
Parent cooperative
0
0
0
Other
1 (25.0%)
1 (10.0%)
2 (15.4%)
Type of for profit facility
(n=6)
(n=8)
(n=14)
Independently owned and operated 6 (100%)
7 (87.5%)
13
(92.9%)
National or regional chain
0
1 (12.5%)
1 (7.1%)
Number of children
Average number of children in
each age group c
< 12 month
12-23 months
24-35 months
3 to 5 years
> 5 years
Accreditation status d
National Association for the
Education of Young Children
(NAEYC)
American Montessori Society
Other
None of the above
Participated in the Child and
Adult Care Food Program

(n=18)
(n=21)
(n=39)
2.6
7.3
5.1
5.0
11.5
8.5
4.4
12.8
8.9
21.2
32.4
27.2
8.3
12.8
10.7
Number of facilities (Percentage)
(n=15)
(n=20)
(n=35)

5 (27.8%)
0
2 (16.7%)
7 (44.4%)

2 (9.1%)
0
7 (31.8%)
10 (50.0%)

7 (17.5%)
0
9 (25.0%)
17
(47.5%)

(n=18)

(n=22)

(N=40)
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Facility Characteristics
(CACFP)
Yes

North Carolina South Carolina

Number of facilities (Percentage)a
13 (72.2%)

18 (81.8%)

17
(42.5%)
21
(52.5%)

4 (18.2%)

2 (11.1%)

0

2 (5.0%)

(n=17)

(n=22)

6 (33.3%)

18 (81.8%)

9 (50.0%)

12 (54.5%)

(n=39)
24
(60.0%)
21
(52.5%)

6 (33.3%)

4 (18.2%)

10
(25.0%)

1 (5.6%)

5 (22.7%)

6 (15.0%)

3 (16.7%)
No
No Answer

Total

Types of meals and snacks served
c

Meals, snacks, and/or bottle were
brought from each child’s home.
Meals and/or snacks cooked from
scratch in the facility’s kitchen.
Meals and/or snacks purchased
from an outside foodservice
operation.
Meals and/or snacks were
purchased by the facility but they
were ready to eat and packaged in
single serving containers.
Other

0

4 (18.2%)
4 (10.0%)
Number of meals/snacks

Average number of meals and
snacks served daily e
(n=14)
(n=19)
(n=33)
Meals
2.0
1.8
1.8
Snacks
1.2
1.9
1.6
a.
Percentage = number of responses to a specific option of a question/number of
responses to a question
b.
Eleven facility directors did not answer the question.
c.
One facility director did not answer the question.
d.
Five facility directors did not answer the question.
e.
Seven facility directors did not answer the question.

Characteristics of Staff Members. Table 4.3 describes the characteristics of staff
members. Thirty-two (32) child-care directors reported 1.8 management staff members
and thirteen child-care providers per center Staff in 43.8% (14/32) of facilities were
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reported to have had 6 to 10 years of experience. Of these directors, 25% (10/40) had
more than 16 years of experience in managing the child-care facility and only about 2.5%
(1/40) had less than one year of experience.

Table 4.3. Characteristics of staff members in child-care facilities (N=40) in North
Carolina and South Carolina
Characteristics

North Carolina South Carolina
Total
Number of facilities (Percentage)a
(n=11)
(n=21)
(n=32)
1.8
1.5
1.6
10.0
14.0
12.6

Average number of staff b
Management
Child-care providers
Food preparation employees who do
not provide child care
Other
Average number of years of staff’s
experience b
< 1 year
1-5 years

1.1
0.4

0.4
0.7

0.7
0.6

(n=11)
0
4 (31.3%)

(n=21)
0
9 (42.9%)

6-10 years

5 (45.5%)

9 (42.9%)

11-15 years
16 or more years
Average number of years of
director’s experience
< 1 year
1-5 years

4 (36.4%)
1 (9.1%)

2 (9.5%)
1 (4.8%)

(n=32)
0
13
(31.3%)
14
(43.8%)
6 (18.8%)
2 (6.3%)

(n=18)
0
5 (27.8%)

(n=22)
1 (4.5%)
5 (22.7%)

(N=40)
1 (2.5%)
10
(25.0%)
6-10 years
5 (27.8%)
7 (31.8%)
12
(30.0%)
11-15 years
4 (22.2%)
2 (9.1%)
6 (15.0%)
16 or more years
4 (22.2%)
6 (27.3%)
10
(25.0%)
a.
Percentage=number of responses to a specific option of a question/number of
responses to a question
b.
Eight facility directors did not provide answers to this question.
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Training and Hygiene Policies. Table 4.4 provides an overview of hygiene
practices of staff and training in hygiene and sanitation practices that was available for
the staff. Staff in 90% (36/40) of facilities received on-going training in food safety,
hygiene, and sanitation practices. About 55% (22/40) of child-care facilities provided this
on-going training annually. The on-going training in 37.5% (15/40) of facilities was
provided by the state or local health agencies. In 32.5% (13/40) of facilities, the on-going
training was provided by either experienced child-care providers through on-the-job
training or by private organizations or consultants.
About 82.5% (32/39) of facilities had written handwashing procedures available
to their staff. Similarly, 87.5% (34/39) of facilities had written diaper-changing
procedures. About 97.5% (37/39) of facilities had written policies for excluding sick
children. Only 45% (18/39) of facilities had written policies or procedures for food
preparation.
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Table 4.4. Training and hygiene policies in child-care facilities (N=40) in North Carolina
and South Carolina
North Carolina South Carolina
Total
Number of facilities (Percentage)a
Provided on-going training

(n=18)

(n=22)

Yes
No
Types of on-going training
employees received

18 (100%)
0

18 (81.8%)
4 (18.2%)

(n=18)

(n=22)

Safe food handling practices

17 (94.4%)

8 (36.4%)

Hygiene practices

13 (72.2%)

17 (77.3%)

Sanitation practices
Not applicable due to survey skip
pattern
Providers of the food safety,
hygiene and/or sanitation training
Other child-care providers, for
example, through on-the-job training
A trainer from the child-care
facility’s affiliated corporation or
company

15 (83.3%)

17 (77.3%)

(N=40)
25
(62.5%)
30
(75.0%)
32
(80.0%)

0

4 (18.2%)

4 (10.0%)

(n=18)

(n=22)

2 (11.1%)

11 (50.0%)

(N=40)
13
(32.5%)

5 (27.7%)

6 (27.3%)

Private organization or consultant
Cooperative extension

7 (38.9%)
6 (33.3%)

8 (36.4%)
1 (4.5%)

State or local regulatory agency

8 (44.4%)

7 (31.8%)

State or local health agency
Other
Frequency of on-going training
provided
At least monthly
At least quarterly

8 (44.4%)
0

7 (31.8%)
5 (22.7%)

(n=18)
3 (16.7%)
3 (16.7%)

(n=22)
2 (9.1%)
3 (13.6%)

At least annually
Less than annually
Availability of written policy or

9 (50.0%)
2 (11.1%)
(n=17)

13 (59.1%)
0
(n=22)
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(N=40)
36
(90.0%)
4 (10.0%)

11
(27.5%)
15
(37.5%)
7 (17.5%)
15
(37.5%)
15
(37.5%)
5 (12.5%)
(N=40)
5 (12.5%)
6 (15.0%)
22
(55.0%)
2 (5.0%)
(n=39)

North Carolina South Carolina
Total
Number of facilities (Percentage)a
proceduresb
Hand washing

13 (77.8%)

19 (86.4%)

Food preparation

7 (38.9%)

11 (50.0%)

Diaper changing
Surface washing (method for
disinfecting countertops, table tops
or other surfaces)

14 (83.3%)

20 (90.9%)

32
(82.5%)
18
(45.0%)
34
(87.5%)

13 (77.8%)

18 (81.8%)

31
(80.0%)

Removing, replacing, or covering
shoes when entering rooms that
infants use for play.

1 (5.6%)

4 (18.2%)

5 (12.5%)
28
Exclusion of sick employees
12 (72.2%)
16 (72.7%)
(72.5%)
37
Exclusion of sick children
16 (94.4%)
21 (100%)
(97.5%)
a.
Percentage=number of responses to a specific option of a question / number of
responses to a question
b.
One facility director did not answer the question.

On-Site Observations
Observational data from three facilities including six classrooms were excluded
from analysis due to the poor quality of observation audios so could not be transcribed.
Therefore, only observational data collected from 37 facilities (including 51 classrooms)
were reported. Hygiene practices (i.e., handwashing practices and diaper-changing
practices) and hand-touch events (i.e., the hand contacts that child-care providers made
with environmental surfaces and bare skin) of child-care providers in 51 classrooms were
observed, recorded, and reported.
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Hand-Touch Events. A total of 10,134 hand-touch events of child-care providers
were observed. Table 4.5 describes the frequencies of hand contacts by category of
surface. Table 4.6, Table 4.7, and Table 4.8 provide overviews of hand-touch events on
nonporous surfaces, porous surfaces, and bare skin, respectively. Porous surfaces were
touched an average of 89.5 times per observation period of 45-minutes. Children’s
clothes were touched an average of 34.2 times per observation, being the most frequently
touched porous surfaces. As well, nonporous surfaces were touched an average of 78.9
times per observation. Food-contact surfaces were the most frequently touched (18.6
hand contacts per observation) nonporous surfaces per observation. Bare skin was
touched an average of 30.3 times per observation. Children’s hands were the most
frequently touched body part, which were touched an average of 9.8 hand contacts per
observation). Figure 4.1 provides an overview of the mean frequency of hand contacts on
different types of surfaces observed in all 51 classrooms that had audible audio.
The frequencies of hand contacts on different types of surfaces in infant rooms, toddler
rooms, combined rooms, and preschooler rooms are presented in Figure 4.2, Figure 4.3,
Figure 4.4, and Figure 4.5, respectively. In all infant rooms and toddler rooms, the top
three most frequently touched surfaces were children’s clothes, porous cleaning items,
and food-contact surfaces. In combined rooms, the top three most frequently touched
surfaces were children’s clothes, clothes of child-care providers, and food-contact
surfaces. In preschooler classrooms, the top three most frequently touched surfaces were
clothes of child-care providers, children’s clothes, and hard surface toys and games.

117

Table 4.5. Frequencies of hand contacts by the category of surfaces in child-care
facilities (n=37)a in North Carolina and South Carolina
Category of Surfaces

Frequency of Hand
Contacts

Mean Frequency of Hand
Contacts per
Observationb
4,024
78.9
Nonporous Surfaces
4,563
89.5
Porous Surfaces
1,547
30.3
Bare Skin
a.
Three facilities were excluded for data analysis, because of the quality of recorded
observation audios in these three facilities was poor and could not be transcribed.
b.
Mean frequency=frequency of hand contacts on one type of surfaces/total number
of observations during a 45-minute period

Table 4.6. Frequencies of hand contacts on nonporous surfaces by the type of classrooms
(n=51) in child-care facilities (n=37)a in North Carolina and South Carolina
Type of Classrooms

Frequency of Hand Contacts on
Nonporous Surfaces (Percentage)b
1,284 (32.0%)
Infant Rooms (n=18)
1,772 (44.0%)
Toddler Rooms (n=18)
622 (15.0%)
Combined Rooms (n=11)
346 (10.0%)
Preschooler Rooms (n=4)
a.
Three facilities were excluded for data analysis, because the quality of recorded
observation audios in these three facilities was poor and could not be transcribed.
b.
Percentage=frequency of hand contacts on nonporous surfaces in one type of
classroom/frequency of hand contacts on nonporous surfaces in all classrooms
during a 45-minute observation period.

Table 4.7. Frequencies of hand contacts on porous surfaces by the type of classrooms
(n=51) in child-care facilities (n=37)a in North Carolina and South Carolina
Type of Classrooms

Frequency of Hand Contacts on Porous
Surfaces (Percentage)b
1,538 (34.0%)
Infant Rooms (n=18)
1,823 (40.0%)
Toddler Rooms (n=18)
906 (20.0%)
Combined Rooms (n=11)
296 (6.5%)
Preschooler Rooms (n=4)
a.
Three facilities were excluded for data analysis, because the quality of recorded
observation audios in these three facilities was poor and cannot be transcribed.
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b.

Percentage = frequency of hand contacts on porous surfaces in one type of
classroom/frequency of hand contacts on porous surfaces in all classrooms

Table 4.8. Frequencies of hand contacts on bare skin by the type of classrooms in childcare facilities (n=37)a in North Carolina and South Carolina
Type of Classrooms

Frequency of Hand Contacts on Bare
Skin (Percentage)b
534 (35.0%)
Infant Rooms (n=18)
624 (40.0%)
Toddler Rooms (n=18)
267 (17.0%)
Combined Rooms (n=11)
122 (7.9%)
Preschooler Rooms (n=4)
a.
Three facilities were excluded for data analysis, because the quality of recorded
observation audios in these three facilities was poor and cannot be transcribed.
b.
Percentage=frequency of hand contacts on bare skin in one type of
classroom/frequency of hand contacts on bare skin in all classrooms during a 45minute observation period.
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Figure 4.1. Mean frequencies of hand contacts by the type of surfaces in child-care
facilities (n=37) in North Carolina and South Carolina
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Figure 4.2. Frequencies of hand contacts by the type of surfaces in infant rooms in North
Carolina and South Carolina (n=18)
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Figure 4.3. Frequencies of hand contacts by the type of surfaces in toddler rooms (n=18)
in North Carolina and South Carolina
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Figure 4.4. Frequencies of hand contacts by the type of surfaces in combined rooms
(n=11) in North Carolina and South Carolina
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Figure 4.5. Frequencies of hand contacts by the type of surfaces in preschooler
classrooms (n=4) in North Carolina and South Carolina

Handwashing Practices. During the 45-minute observation period, a total of 142
handwashing events occurred, with an average of 2.8 handwashing events per classroom.
Of these 142 handwashing events, 131 occurred in child-care centers (30) and 11
occurred in child-care homes (7). The overall handwashing compliance rate in both states
was 3.5% (5/142) (Table 4.9), which indicated that in only 3.5% (5/142) of handwashing
events child-care providers performed all recommended handwashing steps with the CDC
handwashing guidelines. The overall compliance rate for using soap for hand washing
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was 61.3% (87/142). The overall compliance rate of using paper towels for hand drying
was 90.9% (129/142).
Compliance Rate in South Carolina Facilities. Table 4.10 describes the
compliance rates of handwashing practices of child-care providers in South Carolina. The
overall compliance rate of 77 handwashing events observed in South Carolina was 6.5%
(5/77), which indicated that in only 6.5% (5/77) of handwashing events child-care
providers performed all recommended handwashing steps with the CDC handwashing
guidelines. Rinsing under running water for at least 10 seconds was the step in the
handwashing process with the lowest compliance rate (7.8%).
Compliance Rate in North Carolina Facilities. The overall handwashing
compliance of child-care providers in North Carolina with the CDC handwashing
recommendations could not be computed because data on the duration of hand rinsing
under running water were missing. The compliance rate of using soap for hand washing
was 38.5% (25/65). The compliance rate of using paper towels for hand drying was
70.8% (46/65). However, in only 38.5% (25/65) of occurred handwashing events, childcare providers used soap for hand washing. This suggests that the overall handwashing
compliance rate would not be higher than 38.5% according to the CDC handwashing
recommendations.
Table 4.11 provides an overview of compliance rates of hand washing by events
for hand washing in both states. Among 142 observed handwashing events, 82 occurred
in situations when child-care providers were required by state child-care regulations to
wash their hands, such as after diaper changing and after wiping noses. As indicated in
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Table 4.9, only four of the 82 required handwashing events were compliant with the CDC
handwashing recommendations.

Table 4.9. Compliance rates of hand washing events (n=142) observed among child-care
providers in North Carolina and South Carolina child-care facilities

Number of
Compliant Events
(compliance Rate)

≥ 10
Seconds

Used Soap

Used Paper Towels

Overall
Compliance

5 (3.5%)

87 (61.3%)

129 (90.9%)

5 (3.5%)

Table 4.10. Compliance rates of observed hand washing events (n=77) among child-care
providers in child-care facilities in South Carolinaa
≥ 10
Seconds

Used Soap

Used Paper Towels

Overall
Compliance

Number of
Compliant
Events
6 (7.8%)
62 (80.5%)
73 (94.8%)
5 (6.5%)
(compliance
Rate)
a.
The compliance rates of hand washing among child-care providers in
North Carolina were not reported due to the data on duration of hand rinsing was
missing.

Table 4.11. Compliance rates of observed hand washing events (n=82) among child-care
providers by events for hand washing in North Carolina and South Carolina (n=37)
Event that
prompted hand
washing (Number
of handwashing
events)
Handling food or
bottles (n=7)

≥ 10 Seconds

Used Soap

Used Paper
Overall
Towels
Compliance
Number of compliant handwashing events (compliance
rate)
0

3 (42.9%)
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5 (71.4%)

0

Event that
prompted hand
washing (Number
of handwashing
events)
After changing
diapers (n=32)
cleaning (n=12)
Handling soiled
items (n=5)
Wiping noses
(n=20)
Handling bodily
fluids (n=6)

≥ 10 Seconds

Used Soap

Used Paper
Overall
Towels
Compliance
Number of compliant handwashing events (compliance
rate)
1 (3.1%)

25 (78.1%)

28 (87.5%)

1 (3.1%)

1 (8.3%)
0

10 (83.3%)
2 (40.0%)

11 (91.7%)
4 (80.0%)

1 (8.3%)
0

2 (10.0%)

13 (65.0%)

20 (100%)

2 (10.0%)

0

1 (16.7%)

6 (100%)

0

Diaper-Changing Practices. A total of 34 diaper-changing events were observed
at the 40 CCFs. Of these, 21 were observed in child-care facilities in South Carolina and
13 in North Carolina (Table 4.12). The overall diaper-changing compliance rate with the
CDC diaper-changing guidelines was 8.8% (3/34) for both states, which indicates that in
only 8.8% (3/34) of diaper-changing events child-care providers performed all
recommended diaper-changing steps with the CDC diaper-changing guidelines. No
diaper-changing events among child-care providers in North Carolina were compliant
with all steps of the CDC diaper-changing recommendations. In South Carolina, 14.3%
(3/21) of diaper-changing events were compliant. In nearly all (32/34) of diaper-changing
events, child-care providers disposed of dirty diapers in specified trash cans. In only 8.8%
(3/34) of the events, child-care providers used disposable sheets on diaper-changing
surfaces. In 88.2% (30/34) of diaper-changing events, child-care providers washed their
hands after changing diapers.
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Table 4.12. Compliance rates of diaper changing events (n=34) among child-care
providers in child-care facilities in North Carolina and South Carolina child-care facilities
(n=37)

State
Steps of the CDC DiaperChanging Recommendations

North Carolina
(n=13)

Total
(n=34)

South Carolina
(n=21)

Number of events that were compliant with
recommendations (Percentage)
Caregiver wore gloves.

8 (61.5%)

15 (71.4%)

23
(67.7%)

Caregiver used a wipe to clean
the child.

9 (69.2%)

20 (64.5%)

29
(85.3%)

Diaper-changing surface was
cleaned and disinfected after
use.

11 (84.6%)

14 (66.7%)

25
(75.8%)

Disposable sheet was used on
the diaper-changing surface.

0

3 (14.3%)

3 (8.8%)

Diaper was disposed in a
specified trash can.

13 (100%)

19 (90.5%)

32
(94.1%)

Caregiver washed hands after
changing diaper.

12 (92.3%)

18 (85.7%)

30
(88.2%)

Caregiver changed gloves
between changing diapers on
multiple children.

3 (23.1%)

11 (52.4%)

15
(44.1%)
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Facility Audits
Food preparation audits were conducted in 35 food preparation areas in 35 childcare facilities. Only results of 32 food preparation areas were reported because three of
the 35 food preparation areas were inside the classroom and were excluded from analysis.
Classroom audits were conducted in 57 classrooms. Because the design for preschooler
rooms was different from that for infant rooms or toddler rooms, the audits in six
preschooler rooms were excluded from analysis. The floor plan of each audited
classroom was sketched, resulting in 51 floor plan sketches.
Sanitary Conditions of Classrooms. Table 4.13 describes the sanitary conditions
of these 51 classrooms. All hard surface toys were visually clean and in good condition.
Similarly, soft surface toys in 98% (50/51) of classrooms were visually clean and in good
condition. About 58% (33/57) of classrooms posted handwashing signage. The mean
hygiene score of classrooms was 7.7 of 8.
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Table 4.13. Sanitary conditions of classrooms (n=51) in child-care facilities (n=35) in
North Carolina and South Carolina

Audit Item

North Carolina South Carolina
(n=15)
(n=36)
Total
(n=51)
Number of facilities that met
Requirements (Percentage of facilities that
met requirements)

Refrigeration a
Refrigerator temperature was at 41 oF or
less.
1 (6.7%)
6 (16.7%)
7 (13.7%)
Refrigerator temperature was greater than
13
o
41 F.
4 (26.7%)
9 (25.0%)
(25.5%)
Refrigerator temperature was not recorded. 0
9 (25.0%)
9 (17.6%)
Personal Hygiene Practices and Health Conditions of Employees and Children
Child-care providers were well groomed.
51
15 (100%)
36 (100%)
(100%)
Child-care providers were in good health.
51
15 (100%)
36 (100%)
(100%)
Children were in good health.
46
13 (85.0%)
33 (91.9%)
(90.2%)
Conditions of Toys and Classroom Equipment
Soft surface toys were clean and in good
50
condition.
14 (93.3%)
36 (100%)
(98.0%)
Hard surface toys were clean and in good
15 (100%)
36 (100%)
51
condition.
(100%)
Cribs were clean and in good condition.
6 (40.0%)
24 (67.6%)
30
(58.8%)
Playpens were clean and in good condition. 2 (10.0%)
1 (2.7%)
3 (5.9%)
Play mats were clean and in good
10 (65.0%)
19 (51.4%)
29
condition.
(56.9%)
High chairs were clean and in good
5 (30.0%)
16 (43.2%)
21
condition.
(41.2%)
Booster seats were clean and in good
1 (5.0%)
13 (35.1%)
14
condition.
(27.5%)
Conditions of Trash Cans
49
Trash cans were clean.
13 (86.7%)
36 (100%)
(96.1%)
Trash cans for dirty diapers were plastic38
lined.
(75.4%)
9 (55.0%)
32 (86.5%)
All other trash cans were plastic-lined.
15 (100%)
34 (94.4%)
49
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North Carolina South Carolina
(n=15)
(n=36)
Total
(n=51)
Number of facilities that met
Requirements (Percentage of facilities that
met requirements)
(96.1%)
Trash cans for dirty diapers were hands29
free.
7 (45.0%)
23 (62.2%)
(56.1%)
Conditions of Handwashing Sink
Warm water was available for
50
handwashing.
14 (93.3%)
36 (100%)
(98.0%)
Soap was available for handwashing.
49
14 (93.3%)
35 (97.2%)
(96.1%)
Approved hand-drying devices were
14 (93.3%)
34 (94.4%)
48
available.
(94.1%)
Handwashing signage was posted.
28
11 (75.0%)
17 (48.6%)
(54.9%)
Conditions of Environmental Surfaces
Diaper-change surfaces were clean and in
46
good repair.
12 (75.0%)
34 (94.4%)
(89.5%)
Eating table surfaces were clean and in
good repair.
50
14 (93.3%)
36 (100%)
(98.0%)
Play area was clean.
48
14 (93.3%)
34 (94.4%)
(94.1%)
a.
Only 29 of 51 classrooms had refrigerators. Of these 29 classrooms, five were in
North Carolina and 24 in South Carolina.
Audit Item

Sanitary Conditions of Food Preparation Areas. Table 4.14 presents an
overview of the sanitary conditions of food preparation areas. The average temperature
inside all refrigerators was 38.4 oF. About 41% (13/32) of facilities met the 2009 U.S.
Food Code, which require child-care facilities to store food at 41 oF or lower. About 16%
(5/32) of facilities had a thermometer that accurately measure the temperature inside the
refrigerator. Clean dishes and utensils were stored at least six inches off the floor, which
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was in full compliance (100%) with the Food Code requirements (U.S. Food and Drug
Administration, 2009). About 38% (12/32) of facilities displayed handwashing signage.
The mean hygiene score of food preparation areas was 7.3 of 10.

Table 4.14. Sanitary conditions of food preparation areas in child-care facilities (n=32)a
in North Carolina and South Carolina
North
Carolina
(n=15)

Condition

South
Carolina
(n=17)

Total
(n=32)

Refrigerator
Unit: Degree Fahrenheit
Average temperature in the refrigerator

Refrigerator temperature was at 41 oF or less.
Refrigerator temperature was greater than 41
o
F.
Refrigerator temperature was not recorded.
Thermometer was placed in the refrigerator.

39.5
37.4
38.4
Number of facilities that met
Requirements (Percentage of
facilities that met
requirements)
13
7 (46.7%) 6 (35.3%) (40.6%)
17
8 (53.3%) 9 (52.9%) (53.1%)
2
0
2 (11.8%) (6.3%)
13
15
28
(86.7%)
(88.2%)
(87.5%)

Temperature on refrigerator thermometer same
as thermometer data collectors used.
2 (11.8%)

4
(12.5%)

6 (40.0%)

3 (17.6%)

9
(28.1%)

2 (13.3%)

1 (5.9%)

7 (46.7%)
13
(86.7%)
6 (40.0%)

8 (47.1%)
12
(70.6%)
2 (11.8%)

2 (13.3%)
Internal temperatures of three randomly
selected potentially hazardous foods at 41 oF or
less.
Internal temperatures of one or two randomly
selected potentially hazardous foods were
greater than 41 oF.
No potentially hazardous foods were present in
the refrigerator.
Milk was not expired.
Prepackaged deli meats were not expired.
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3
(9.4%)
12
(46.9%)
25
(78.1%)
8

North
Carolina
(n=15)

Condition

South
Carolina
(n=17)

Total
(n=32)
(25.0%)

Food Storage
Food was stored at least six inches off floor.
Food was stored in closed containers or
packages.
Clean dishes and utensils were stored at least
six inches off the floor.
Conditions of Equipment
Stoves and refrigerator were clean and in good
repair.
Worktables were clean and in good repair.
Cutting boards were clean and in good repair.

12 (80%)
15
(100%)
15
(100%)
13
(86.7%)
14
(93.3%)
15
(100%)

15
(88.2%)
15
(88.2%)
17 (100%)

14
(82.4%)

27
(84.4%)
31
17 (100%) (96.9%)
32
17 (100%) (100%)

Availability of Handwashing Equipment
Warm water was available for hand
washing.
15 (100%) 16 (94.1%)
Approved hand-drying devices were
13 (86.7%) 14 (82.4%)
available.
Soap was available for hand washing.
14 (93.3%) 14 (82.4%)
Availability of Handwashing Signage
Yes

9 (60.0%)

3 (17.6%)

No

5 (33.3%)

12 (70.6%)

No answer
1 (6.7%)
Personal Hygiene of Foodservice Workersb
Foodservice workers were wearing clean
clothes.
7 (73.3%)
Foodservice workers were wearing
effective hair restrains.
1 (13.3%)
Foodservice workers were wearing
2 (20.0%)
gloves.
Foodservice workers did not wear
jewelry.
4 (46.7%)
Dishwashing
Sinks were properly set up for dish
14 (93.3%)
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27
(84.4%)
30
(93.8%)
32
(100%)

2 (11.8%)

31
(96.9%)
27
(84.4%)
28
(87.5%)
12
(37.5%)
17
(53.1%)
3
(9.4%)

12 (76.5%)

19
(75.0%)
4
(12.5%)
7
(25.0%)
16
(62.5%)

10 (58.8%)

24

12 (76.5%)
3 (11.8%)
5 (29.4%)

North
Carolina
(n=15)

Condition
washing.
Dishwashing machine was in good
working condition.
Miscellaneous
Sanitizer test kit was available.

8 (53.3%)

South
Carolina
(n=17)

Total
(n=32)
(75.0%)
11
(34.4%)

3 (17.6%)

14
(43.8%)
Food thermometer was used for
19
monitoring.
11 (73.3%) 9 (47.1%)
(59.4%)
Facility kitchen had a food safety
11
certificate.
8 (53.3%) 3 (17.6%)
(34.4%)
a.
Only 35 of the 40 visited facilities had separate food preparation areas. Three food
preparation areas were inside the classroom therefore they were excluded from
analysis.
b.
Only 25 of 32 facilities (nine in North Carolina and sixteen in South Carolina) had
foodservice workers present by the time audits were conducted.
9 (60.0%)

5 (29.4%)

Floor Plans. Results from floor plans of 51 classrooms were reported in Table
4.15. The floor plans of diaper-changing areas in each classroom were compared with the
CDC guidelines for the diaper-changing area design. About 55% (25/51) classrooms had
hands-free trash cans for dirty diapers. Of these classrooms, 49% (25/51) had
handwashing sinks adjacent to diaper-changing areas. About 88% (41/51) of classrooms
did not have carpets or area rugs in the diaper-changing area.

Table 4.15. Compliance rates of designs for classrooms (n=51) in child-care facilities in
North Carolina and South Carolina

Compliance Rate

Recommended Design
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Number of
Classrooms
with Compliant

Design
Handwashing sink was adjacent to diaperchanging area.
Trash can was adjacent to diaper-changing
area.
Trash can for dirty diapers was handsfree.
No carpeting or area rugs in diaperchanging area.
Diaper-changing area was not directly
adjacent to an eating area.
No carpeting or area rugs in food
preparation area(s).

49.0%

25

54.9%

28

54.9%

28

88.2%

45

68.6%

35

45.1%

23

Director Follow-Up Interviews
Seventy-five percent (30/40) of child-care facility directors participated in the
interviews, nine in North Carolina and twenty-one in South Carolina. The response rate
of the follow-up interviews was not 100% due to interviewer had difficulty in contacting
with the other ten facility directors. Results of the interviews are reported in Table 4.16,
Table 4.17, Table 4.18, and Table 4.19, including handwashing practices, surface
cleaning and sanitation practices, carpets and rugs cleaning practices, and flooring.
Handwashing Practices of Staff. Table 4.16 describes staff’s routine
handwashing practices reported by facility directors. All participating directors reported
to the interviewers that their staff used soap for hand washing and paper towels for hand
drying. Alcohol-based hand sanitizer was used in 50% (15/30) of facilities. No hand
sanitizer was used in place of hand washing
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Table 4.16. Hand-hygiene practices of child-care workers reported by facility directors
in child-care facilities (n=30)a in North Carolina and South Carolina

Practice

Use of Hand Sanitizer
Hand sanitizer was used in place
of hand washing.
Hand sanitizer was used in
conjunction with hand washing.

North Carolina South Carolina Total
(n=9)
(n=21)
(n=30)
Unit: Number of facilities that met
requirements (Percentage of facilities that
met requirements)
0

0

0

0

8 (38.1%)

8
(26.7%)

0

6 (28.6%)

0

5 (23.8%)

Other

0

2 (9.5%)

No Answer
Types of Hand Sanitizer
Alcohol-based hand sanitizer

9 (100%)

0

6
(20.0%)
5
(16.7%)
2
(6.6%)
9
(30.0%)

5 (55.6%)

10 (47.6%)

Non-alcohol based hand sanitizer

2 (22.2%)

2 (9.5%)

Don't Know
Not applicable due to survey skip
pattern

1 (11.1%)

1 (4.8%)

0

5 (23.8%)

No answer
Handwashing Practices
Used soap for hand washing.

1 (11.1%)

3 (14.3%)

9 (100%)

21 (100%)

9 (100%)

19 (90.5%)

Hand sanitizer was used only
when hand washing was
unavailable.
Did not use hand sanitizer.

Used antibacterial hand soap.
Used disposable paper towels for
hand drying.

21 (100%)
9 (100%)
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15
(50.0%)
4
(13.3%)
2
(6.7%)
5
(16.7%)
4
(13.3%)
30
(100%)
28
(93.3%)
30
(100%)

a.

Only 30 of all 40 child-care facility directors completed the follow-up survey.

Cleaning and Sanitizing Practices. Table 4.17 describes the cleaning and
sanitizing practices. Bleach-cleaning solution was prepared daily in 66.7% (20/30) of
facilities. In 83.3% (25/30) of facilities, chlorine bleach solution was used to disinfect
eating surfaces. In 86.7% (26/30) of facilities, chlorine bleach solution was used to
disinfect diaper-changing surfaces. In 56.7% (17/30) of facilities, eating surfaces were
first cleaned with a surface cleaner followed by a sanitizer. The same procedures were
followed by staff in 46.7% (14/30) of facilities to clean a diaper-changing surface.

Table 4.17. Cleaning and sanitizing practices in child-care facilities (n=30)a in North
Carolina and South Carolina

Practice

Total
North Carolina South Carolina
(n=30)
(n=9)
(n=21)
Number of facilities that met requirements
(Percentage of facilities that met
requirements)

Method for cleaning an eating surface
Used a surface cleaner followed by a
sanitizer.
9 (100%)
8 (38.1%)
Used a surface cleaner only.
0
1 (4.8%)
Used a sanitizer only.
0
6 (28.6%)
Other
0
3 (14.3%)
No answer
0
3 (14.3%)
Type of sanitizer used for disinfecting an eating surface

17
(56.7%)
1 (3.3%)
6 (20.0%)
3 (10.0%)
3 (10.0%)

25
Chlorine bleach solution
9 (100%)
16 (76.2%)
(83.3%)
Quat solution
0
0
0
Other
0
2 (9.5%)
2 (6.7%)
Not applicable
0
3 (14.3%)
3 (10.0%)
Director had knowledge of the appropriate proportion of bleach to water (at least
1/4 cup bleach to 1 gallon of water or equivalent proportion)
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Practice

North Carolina South Carolina
(n=9)
(n=21)

Yes
3 (33.3%)
No
0
Don't Know proportion of bleach and
water.
5 (55.6%)
Not applicable
0
No Answer
1 (11.1%)
Method for cleaning a diaper-changing surface
Used a surface cleaner followed by a
sanitizer.
8 (88.9%)
Used a surface cleaner only.
0

Total
(n=30)

11 (52.4%)
2 (10.0%)

14
(46.7%)
2 (7.0%)

3 (14.3%)
5 (23.8%)
0

8 (26.7%)
5 (16.7%)
1 (3.3%)

6 (28.6%)
0

Used a sanitizer only.
0
13 (61.9%)
Other
0
1 (4.8%)
Not applicable
1 (11.1%)
0
0
0
No Answer
Type of sanitizer used for disinfecting a diaper-changing surface

14
(46.7%)
0
13
(43.3%)
1 (3.3%)
1 (3.3%)
1 (3.3%)

26
Chlorine bleach solution
8 (88.9%)
18 (85.7%)
(86.7%)
Quat solution
0.0
0
0
Other
0.0
2 (9.5%)
2 (6.7%)
Not applicable
1 (11.1%)
1 (4.8%)
2 (6.7%)
Director had knowledge of the appropriate proportion of bleach to water (at least
1/4 cup bleach to 1 gallon of water or equivalent proportion)
15
Yes
2 (22.2%)
13 (61.9%)
(50.0%)
No
0
2 (9.5%)
2 (6.7%)
Don't know proportion of bleach and
water.
5 (55.6%)
3 (14.3%)
8 (26.7%)
Not applicable
0
3 (14.3%)
3 (10.0%)
No Answer
2 (22.2%)
0
2 (6.7%)
Frequency of bleach cleaning solution preparation
More than once a day
0
0
0
9 (100%)
11 (52.4%)
20
Daily
(66.7%)
Weekly
0
4 (19.0%)
4 (13.3%)
Monthly
0
1 (5.0%)
1 (3.3%)
Less often than monthly
0
0
0
Do not use bleach cleaning solutions.
2 (9.5%)
2 (6.7%)
Don't know.
0
1 (4.8%)
1 (3.3%)
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Practice
No Answer
Washed dishes in the facility

Total
North Carolina South Carolina
(n=30)
(n=9)
(n=21)
0
2 (9.5%)
2 (6.7%)

22
(73.3%)
Yes
8 (88.9%)
14 (66.7%)
No
1 (11.1%)
7 (33.3%)
8 (26.7%)
Methods used to sanitize dishes in the facility
Submerged dishes in a Steramine
solution.
1 (11.1%)
7 (33.3%)
8 (26.7%)
Submerged dishes in hot water at
3 (33.3%)
0
3 (10.0%)
least 170°F.
Submerged dishes in a Chlorine
solution.
3 (33.3%)
3 (14.3%)
6 (20.0%)
Submerged dishes in an iodine
solution.
0
0
0
Submerged dishes in a quaternary
ammonium solution.
0
0
0
Wiped dishes using chlorine, iodine,
0
0
0
or quaternary ammonium sanitizer.
Used a dish machine (e.g.,
dishwasher) with a sanitizing cycle.
3 (33.3%)
0
3 (10.0%)
Other
2 (22.2%)
4 (19.0%)
6 (20.0%)
Not applicable
1 (11.1%)
7 (33.3%)
8 (26.7%)
a.
Only 30 of all 40 child-care facility directors completed the follow-up survey.

Flooring Practices. Table 4.18 describes the flooring practices in 30 participating
facilities. About 53% (16/30) of facilities installed area rugs or wall-to-wall carpets in
infant rooms and 70% (21/30) of facilities installed the same type of flooring in toddler
rooms. About 67% (20/30) of facilities installed carpets and rugs in the play areas of their
toddler rooms and 50% (15/30) of facilities installed the same type of flooring in play
areas of their infant rooms.
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Table 4.18. Flooring practices in child-care facilities (n=30)a in North Carolina and
South Carolina.

Condition

North Carolina South Carolina
Total
(n=9)
(n=21)
(n=30)
Number of facilities that met requirements
(Number of facilities that met requirements)

Type of flooring in the infant room
Wall-to-wall carpet/area rugs
Hard surface flooring (e.g., wood,
laminate, tile)
Other
Did not have infant room(s).
Type of flooring in toddler room

3 (33.3%)

13 (61.9%)

4 (44.4%)
0

14 (66.7%)
2 (9.5%)

5 (55.6%)

5 (23.8%)

Wall-to-wall carpet/area rugs
6 (66.7%)
15 (71.4%)
Hard surface flooring (e.g., wood,
laminate, tile)
8 (88.9%)
13 (61.9%)
Other
0
2 (9.5%)
Did not have toddler room(s)
1 (11.1%)
4 (19.0%)
Type of flooring is present in the combined infant/toddler room
Wall-to-wall carpet/area rugs
4 (44.4%)
5 (23.8%)
Hard surface flooring (e.g., wood,
laminate, tile)
6 (66.7%)
2 (9.5%)
Other
0
1 (4.8%)
No toddler room(s).
3 (33.3%)
16 (76.2%)
Areas of the infant room(s) that had carpeting and/or area rugs
Play areas
3 (33.3%)
12 (57.1%)
Sleeping areas
Diaper-changing areas
Eating areas
Food preparation areas
Other

1 (11.1%)
0
0
0
0

5 (23.8%)
4 (19%)
3 (14.3%)
0
0
8 (38.1%)

Not applicable
6 (66.7%)
Areas of the toddler room(s) that had carpeting and/or area rugs
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16
(53.3%)
18
(60.0%)
2 (6.7%)
10
(33.3%)
21
(70.0%)
21
(70.0%)
2 (6.7%)
5 (16.7%)
9 (30.0%)
8 (26.7%)
1 (3.3%)
19
(63.3%)
15
(50.0%)
6 (20.0%)
4 (13.3%)
3 (10.0%)
0
0
14
(46.7%)

Total
(n=30)
20
(66.7%)
Play areas
6 (66.7%)
14 (66.7%)
10 (47.6%)
15
(50.0%)
Sleeping areas
5 (55.6%)
Diaper-changing areas
0
4 (19%)
4 (13.3%)
Eating areas
0
2 (9.5%)
2 (6.7%)
Food preparation areas
0
0
0
Other
0
0
0
Not applicable
3 (33.3%)
6 (28.6%)
9 (30.0%)
Areas of the combined infant/toddler room(s) that had carpeting and/or area rugs
Play areas
4 (44.4%)
4 (19.0%)
8 (26.7%)
Sleeping areas
3 (33.3%)
4 (19.0%)
7 (23.3%)
Diaper-changing areas
0
3 (14.3%)
3 (10.0%)
Eating areas
0
2 (9.5%)
2 (6.7%)
Food preparation areas
0
0
0
Other
0
0
0
21
Not applicable
5 (55.6%)
16 (76.2%)
(70.0%)
a.
30 of 40 facilities completed the follow-up survey.
Condition

North Carolina South Carolina
(n=9)
(n=21)

Practices of Cleaning Rugs and Carpets. Table 4.19 describes rugs and carpets
cleaning practices. Rugs and carpets were vacuumed daily in 63.3% (19/30) of facilities.
Staff in 86.7% (26/30) of facilities steam cleaned rugs and carpets. Staff in 10% (3/30) of
facilities steam cleaned their rugs and carpets weekly.
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Table 4.19. Rugs and carpets cleaning practices in child-care facilities (n=30)a in North
Carolina and South Carolina

Practice

North Carolina South Carolina
(n=21)
(n=9)

Total
(n=30)

Number of facilities that met requirements
(Percentage of facilities that met
requirements)
Frequency of Rugs and Carpets Vacuuming
More than once a day
1 (11.1%)
3
2 (9.5%)
(10.0%)
Daily
5 (55.6%)
14 (66.7%)
19
(63.3%)
Weekly
1 (11.1%)
4 (19.0%)
5
(16.7%)
3
Not applicable
2 (22.2%)
1 (4.8%)
(10.0%)
Steam Cleaned Rugs and Carpets
Yes
7 (77.8%)
19 (90.5%)
26
(86.7%)
No
0
1 (4.8%)
1 (3.3%)
3
Not applicable
2 (22.2%)
1 (4.8%)
(10.0%)
Frequency of Steam Cleaning Rugs and Carpets
Daily
0
0
0
Weekly
2 (22.2%)
1 (4.8%)
3
(10.0%)
Monthly
0
8 (38.1%)
8
(26.7%)
Less often than monthly
5 (55.6%)
10 (47.6%)
15
(50.0%)
1 (10.0%)
3
Not applicable
5 (22.2%)
(10.0%)
No answer
1 (10.0%)
0
1 (3.3%)
Procedures for Cleaning Vomitus and Fecal Matter
Verbal procedures for cleaning
vomitus and fecal matter were
4 (44.4%)
8 (38.1%)
12
available.
(40.0%)
Written procedures for cleaning
vomitus and fecal matter were
1 (11.1%)
12 (57.1%)
13
available.
(43.3%)
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Practice

North Carolina South Carolina
(n=21)
(n=9)

Total
(n=30)

Number of facilities that met requirements
(Percentage of facilities that met
requirements)
4 (44.4%)
5
(16.7%)
No procedures.
1 (4.8%)
a.
Only 30 of all 40 child-care facility directors completed the follow-up survey.
Post-Study Outbreak
Until June 19th 2012, the South Carolina Department of Health and Control
reported only one norovirus-like outbreak in one child-care facility that was part of this
study. This outbreak occurred on December 9, 2011. During that outbreak, 26 people
were ill (3 staff and 23 children) with symptoms of vomiting and diarrhea. Two stool
specimens were collected and examined, which were tested negative for norovirus. No
deaths or hospitalizations were reported. No norovirus outbreak was reported occurring in
visited child-care facilities by the local county health departments in North Carolina.
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CHAPTER FIVE
DISCUSSION
Sample Size
A convenience sample of 40 child-care facilities (57 classrooms and 57 child-care
providers) was recruited for this study. The sample size of this study was greater than
those (with the highest sample size of 24) of previous on-site observation studies, which
were also conducted in child-care settings (Table 2.5). Regardless of the disadvantage
that results may not be representative of convenience sampling strategy, it has also been
used in previous observation studies (Table 2.5) because of the readiness of samples.

Director Surveys
Responses to the director surveys indicated that providers of on-going food safety
and hygiene training varied among facilities. In all 40 facilities, on-going training in food
safety and hygiene practices were provided by state or local health agency (37.5%), state
or local regulatory agency (37.5%), private organization or consultant (37.5%), other
child-care providers (32.5%), a trainer from the affiliated company or corporation of the
facility (27.5%), and corporation extension (17.5%). The difference in source of training
may cause different hygiene practices of child-care workers. In this study, 17.5% (7/35)
of facilities were accredited by the National Association for the Education of Young
Children (NAEYC) and 42.5% (17/40) of facilities participated in the Child and Adult
Care Food Program (CACFP). Staff in these facilities had more opportunities to receive
food safety training, because the CACFP and the NAEYC require staff of participating

144

facilities to receive food safety training annually. The low participation (42.5% [17/40])
in the CACFP or low number (17.5% [7/40]) of facilities that were accredited by the
NAEYC coincide with those reported by Enke et al. (2007) and Pollard et al. (1999), who
suggested that employees in child-care settings did not receive adequate food safety
training. Pollard et al. (1999) also reported that only 43% of 330 centers participated in
foodservice training. Enke et al. (2007) reported that child-care workers of only 31% of
127 child-care centers in Iowa and Texas received food safety training at workshops
provided by the NAEYC and the CACFP. Pollard et al. (1999) reported that only 24% of
330 centers provided on-going food safety training to their employees. In this study, even
though staff in less than 50% of facilities received food safety training at annual meetings
or workshops provided by the NAEYC and the CACFP, 90% (36/40) of facilities
provided on-going training in food safety and hygiene practices to their employees. This
may indicate that even though some facilities were not accredited by the NAEYC or
participating in the CACFP, they sought other sources to provide their employees with
food safety and hygiene training.

Hygiene Conditions of Food Preparation Areas
The 2009 Food Code 4-401.11 requires that the food preparation area in a food
establishment should be separated from other areas such as toilet rooms and garbage
rooms, (U.S. Food and Drug Administration, 2009). However, this requirement is not
used to regulate this practice in child-care facilities in North Carolina and South Carolina.
A total of 35 facilities had a food preparation area, but three facilities had the food
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preparation area inside their classrooms. Therefore, only 91.4% (32/35) facilities visited
in this study met this requirement, 15 in North Carolina and 17 in South Carolina. In
Alkon et al.’s (2011) study, a higher compliance rate (95%) with this Code provision
among 82 facilities in Indiana was observed. Failure to separate food preparation area
from other area especially diaper-changing area may increase risk of cross-contamination
of enteric pathogens within child-care environments (Bloomfield & Scott, 1997). Of
these 32 facilities where a separate food preparation area was available, 27 facilities met
the 2009 Food Code 3-305.11 requirement on safe food storage (U.S. Food and Drug
Administration, 2009). In this study, staff in 84.4% (27/32) of kitchens stored food six
inches off floor (12 in North Carolina and 15 in South Carolina) and 93.8% (30/32)
stored food in closed containers or packages (15 in North Carolina and 15 in South
Carolina). Similarly, in Alkon et al.’s (2011) study, they only observed 62% of 82
facilities stored food in closed containers. Even so, low compliance of hygiene practices
in food preparation area was still observed in this study. For example, in this study
foodservice workers in 25 facilities were preparing food by the time of onsite
observations, only 25% (7/25) of them were wearing gloves when preparing food.
Foodservice workers who did not wear gloves while preparing food were noted as a
factor contributed to an outbreak of C. jejuni in a child-care center in Sweden (Evans et
al., 1996). About 41% (13/32) of facilities stored food at 41 oF or lower. Data collectors
in this study compared the temperature shown on the facility’s thermometer with that
measured by an appliance thermometer. They found that 87.5% (28/32) of facilities had a
thermometer inside their refrigerator that accurately measured the ambient temperature.
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These results suggested that food may be stored at an unsafe temperature, which might
facilitate the growth of pathogenic microorganisms because the rate of bacterial growth
increases as the temperature increases within 41 oF to 135 oF (Bolin et al., 1977; Beuchat
& Brackett, 1990; U.S. Food and Drug Administration, 2009). A Salmonella typhimurium
outbreak occurred in an Australian child-care center was reported associated with eggs
that were not properly cleaned and stored at safe temperature (McCall et al., 2003).
Twelve of the 32 kitchens had at least three potentially hazardous foods (PHFs) in their
refrigerators while in only nine kitchens the internal temperatures of three randomly
selected PHFs were at 41°F or less, which was required by the 2009 U.S. Food Code 3501.16 requirement (U.S. Food and Drug Administration, 2009). Thus, only 34.4%
(11/32) of facility kitchens had an employee who had received a food safety certificate.
Foodservice workers with a food safety certificate indicate their ability in performing
proper food handling practices. These findings coupled with the lack of written food
preparation policies (45% [18/39]) of facilities had policies for food preparation) raise a
concern of food safety in these child-care facilities, especially in 52.5% (21/39) of
facilities where meals and snacks were prepared from scratch in their kitchens. For
facilities that served processed foods (15% [6/39]), this may not be a problem because
processed foods do not require lots of handling.
Thirty-two (32) of 40 facilities in this study averaged one foodservice worker
(range: 0.4 -1.1) whose duty was preparing food only. This result is very different from
that reported in Enke et al.’s (2007) study. Enke et al. (2007) reported that the 103 childcare centers had an average of 12 employees who handled food. The difference between
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the results might be because in this study it was the number of employees who were only
responsible for food preparation while Enke et al. (2007) also counted employees who
combined the duty of providing care to children with food preparation. In this study,
child-care providers combined their duties of providing care to children with diaper
changing. This practice could potentially increase risk of the spread of enteric pathogens.
Lemp et al. (1984) observed the incidence rate of diarrhea was 3.28-fold higher in childcare centers where child-care providers were responsible for both food
preparation/serving and diaper changing than that in centers where providers only
prepared or served food.

Hygiene Practices
Handwashing Practices. Hand washing is widely accepted as a simple and
effective measure to prevent gastrointestinal and respiratory infections (Jumaa, 2005;
Niffenegger, 1997; Ponka & Laosmaa, 2004). Many published studies have evaluated
handwashing compliance of healthcare workers with CDC recommendations (DunnNavarra et al., 2011; Lankford et al., 2003; Larson et al., 2010; Nevo et al., 2010; Pittet et
al., 2000; Sax et al., 2007; Thomas et al., 2011). No studies have evaluated the
compliance of handwashing practices by child-care providers with the CDC
recommendations in the U.S.
In our study, child-care providers in 88% (30/34) of 34 diaper-changing events
washed their hands after changing diapers. In 2010, Nadel et al. found 83% (78/94) of
child-care providers in child-care facilities in Pennsylvania washed hands after changing
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diapers. Alkon et al. (2011) found that 82% (54/66) of child-care providers in child-care
facilities in Indiana washed their hands with liquid or foam soap under running water
after changing diapers. However, none of these researchers evaluated if child-care
providers performed all handwashing steps recommended by the CDC handwashing
guidelines (CDC, 2002). Most recently, Zomer et al. (2012) reported the overall
compliance of hand washing among 350 Dutch child-care providers washed their hands
after 50% of 1,269 observed diaper-changing events. Different from our study, these
studies evaluated the handwashing compliance based on if child-care providers conducted
hand washing after specific contamination events (e.g., changing diaper).
This is to our knowledge the first study that evaluated the handwashing
compliance by assessing if child-care providers properly washed their hands according to
the CDC handwashing guidelines in the U.S., which adds to the knowledge base of
overall handwashing compliance of child-care providers with CDC handwashing
recommendations. Although neither North Carolina nor South Carolina child-care
regulations require child-care facilities to display handwashing signage, 57.9% (33/51) of
classrooms displayed handwashing signage, which has been reported to increase hand
washing after contamination events (Kretzer & Larson, 1998; Rosenstock, 1974). Even
though 76% (28/37) of facilities provided staff with on-going training in hygiene
practices and 84% (30/37) of facilities had written policies and procedures for hand
washing, low compliance (3.5% [5/142]) with the CDC handwashing recommendations
was still observed for the 142 handwashing events that occurred at 37 sites in this study.
This means child-care providers in only 3.5% (5/142) of occurred handwashing events
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performed all handwashing steps recommended by the CDC handwashing guidelines. In
this study, a compliant hand washing was defined as during each hand washing a childcare provider performed all handwashing steps recommended by the CDC handwashing
guidelines. Low compliance of hand washing among child-care providers with
handwashing guidelines were also reported in a Dutch study. In 2012, Zomer et al.
reported the overall compliance rate of hand washing by 350 child-care providers from
122 Dutch child-care centers was 42%, indicating that only 42% of child-care providers
washed their hands after contamination events.
Hand washing with soap was one of the steps for which child-care providers did
not follow the CDC handwashing recommendations in this study, with an overall
compliance rate of 61.3% (87/142 observed handwashing events). Many studies have
reported that improving the availability of handwashing tools could improve the
compliance (i.e., conducted hand washing after a specific contamination event) of hand
washing by healthcare workers and child-care providers (Giannitsioti et al., 2009;
Graham, 1990; Kotch et al., 2007; Pittet et al., 2004; Traore et al., 2007), but it was not
the case in this study. Even though soap was available and accessible in 96.1% (49/51) of
classrooms, soap was not used by child-care providers in 61.3% (87/142) of occurred
handwashing events. Similarly, Barros et al. (1999) and Zomer et al. (2012) found that
child-care providers still had poor hand hygiene practices (i.e., did not wash hands after
specific contamination events) despite handwashing facilities such as soap, sink, and
warm water were easily available in all centers.
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Rinsing hands under warm running water at least 15 seconds was another step that
child-care providers did not follow in this study, with an overall compliance rate of 7.8%
(6/77) in South Carolina. Few studies have been conducted to determine the association
between this behavior and the cognitive factors (such as attitudes toward rinse hands for
at least 10 seconds) of child-care providers. One possible reason for this could be the
lacks of universal hygiene standards for child-care facilities, which might lead to
different hygiene practices across centers. As to the duration of hand washing under
running water, Enke et al. (2007) found that child-care providers in 101 child-care centers
were instructed to wash their hands thoroughly for a duration ranged from 10 to 180
seconds.
In this study, child-care providers in all 40 facilities received hygiene training
most often from state/local health agency (37.5%), private organization or consultant
(37.5%), other child-care providers (32.5%), a trainer from the affiliated corporation or
company of the child-care facility (27.5%), and cooperative extension (17.5%). The
hygiene training was provided by different agencies and organizations using different
training materials or hygiene guidelines, which may further affect the compliance of
practices among child-care providers.
Other than the factors mentioned above, previously published studies have shown
that hygiene training alone could not change behaviors of employees. Active involvement
of institutional leaders in intervention programs as well as the enforcement of established
hygiene policies were reported to be important factors contributing to the success of
encouraging hand-hygiene practices (i.e., conducted hand washing after specific
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contamination events) among healthcare workers (Leclaire et al., 1987; Larson et al.,
1991; Larson, 1983; Larson et al., 2010; Pittet et al., 2000; Staskel et al., 2007).
In the follow-up interviews, all directors reported to the interviewer that their staff
wash their hands with soap and dry their hands with paper towels. However, in the
observation, child-care providers in 38.7% (55/142) of handwashing events did not wash
their hands with soap. Child-care providers in 9.1% (13/142) handwashing events did not
dry their hands with paper towels. These results may indicate the lack of involvement of
directors in monitoring and improving compliant hand washing because they overevaluated staff’s hygiene practices. One reason for this could also be that directors overreported behaviors perceived to be “good”, which is similar to findings reported by
Manun’Ebo et al. (1997); Redmond et al. (2003); and Stanton et al. (1987). Another
reason may be a lack of a monitoring system for the staff’s hygiene practices. To become
actively involved in improving compliance with hand-hygiene, directors can use positive
encouragements, such as encourage staff through team meetings and publicly
support/honor staff that perform compliant hand washing (Larson et al., 2010). In
addition, a reason could be the limited human resources. In this study, 32 facilities
averaged 1.6 management staff. Other administrative tasks, such as enrollment of
children and exclusion of ill children, may take priority over monitoring staff’s hygiene
practices (Rusby, 2002).
Another factor possibly contributing to the low compliance (3.5% [5/142]) of
proper handwashing practices might be the heavy workload of child-care providers.
O’Boyle et al. (2001) reported that the intensity of a health care worker’s activity affected
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the compliance with handwashing recommendations. In Zomer et al.’s (2012) study, they
found an association between the increased number of children per child-care provider
and the decreased compliance (i.e., conducted hand washing after specific contamination
events) of hand washing. In their study, a child-care provider took care of an average of
four children thus a low compliance (42%) of hand washing was still observed. In this
study, a child-care provider took care of an average of three children in infant rooms, an
average of three children in toddler rooms, and an average of five children in preschooler
rooms, which is less than that in Zomer et al.’s (2012) study. However, the compliance of
hand washing steps among these providers was still low (3.5% [5/142])). These noncompliant handwashing practices may carry the risk of the transmission of pathogens via
frequent hand-touch events because pathogens present on hands may not be fully
eliminated, which will be further discussed in the Hand-Touch Events section.
Diaper-Changing Practices. In this study, the overall diaper-changing
compliance rate with the CDC diaper-changing guidelines was only 8.8% (3/34),
indicating that in only 8.8% (3/34) of diaper-changing events child-care providers
performed all diaper-changing steps recommended by the CDC diaper-changing
guidelines. Child-care providers in only 9% (3/34) of diaper-changing events used
disposable sheets on the diaper-changing surface, which is different from the findings
(2011) of Alkon et al. These researchers reported that clean disposable non-absorbent
liners were used on diaper-changing surfaces in 59% of observed diaper-changing events.
Barros et al. (1999) reported that the use of disposable sheets on diaper-changing surfaces
was associated with lower incidence (23% fewer) of diarrhea (p = 0.02). In addition, the
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use of disposable sheet on diaper-changing surface can minimize the chance that clean
surface becomes contaminated by soiled surface while dressing the children (Fiene, 2002).
If the diaper-changing surfaces are smooth and intact, the proper sanitation on the
surfaces after use can also help to control the transmission of enteric pathogens. In this
study, the diaper-changing surfaces in 89.5% (46/51) of classrooms were reported as
smooth and intact. Child-care providers in 76% (25/34) of observed diaper-changing
events cleaned and sanitized diaper-changing surfaces, while Alkon et al. (2011) found
only 38% (22/58) of child-care providers cleaned and sanitized diaper-changing surfaces.
Not sanitizing diaper-changing surfaces after use couples with the lack of use of
disposable sheets may increase the risk of spreading enteric pathogens. In this study,
about 43% (13/30) of facilities only used a sanitizer for diaper-changing surface cleaning
and 46.7% (14/30) of facilities used a surface cleaner followed by a sanitizer to clean a
diaper-changing surface. The latter method was reported to reduce an extra 1 to 3 log10
contamination on surfaces than a single application of sanitizer (Tuladhar et al., 2012).
But these authors did not allow a drying time after the first wiping.
Child-care providers wore gloves in 67.7% (23/34) of diaper-changing events.
These providers washed hands after 88.2% (30/34) of diaper-changing events but only
one handwashing event after changing diapers was compliant with the CDC handwashing
recommendations. Both Barros et al. (1999) and Zomer et al. (2012) observed low
compliance (16% and 50% respectively) of hand washing after changing diapers. These
noncompliant practices could potentially transfer enteric pathogens, which can cause
gastroenteritis, from hands of child-care providers to the environment or children’s hands
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especially in a child-care home where a child-care provider was responsible for both
changing diapers and serving food (Goh et al., 1992).
Other studies have shown that the availability and accessibility of handwashing
facilities can improve handwashing compliance in different settings (Kotch et al., 2007;
Pittet et al., 2004). However, Whitby and McLaws (2004) found there was no association
between the accessibility of handwashing sinks and the compliance of hand washing. In
our study, 49% (25/51) of classrooms had handwashing sinks adjacent to the diaperchanging areas but the handwashing compliance after changing diaper was still low
which is similar to the findings in other studies. Barros et al. (1999) observed child-care
providers washed hands after 16% of diaper-changing events even though handwashing
sinks were adjacent to the diaper-changing areas in all centers. More recently, Zomer et al.
(2012) reported the number of handwashing sinks was not associated with the
handwashing compliance of child-care providers, because they still observed a low
handwashing compliance rate (50% of 1,269) after changing diaper among 350 Dutch
child-care providers even though all child-care providers had an average of two
handwashing sinks in the classrooms at which they worked. The location of the sinks was
not reported.
Child-care providers in North Carolina and South Carolina are required per state
regulations to clean and sanitize diaper-changing table/surface after changing diapers.
However, this only occurred after 75.8% (25/34) of observed diaper-changing events,
which could potentially increase risk of the transmission of enteric pathogens within the
child-care facilities. Lee, Tin, and Kelley (2007) suggested that the bacterial
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contamination in daycare centers mostly results from diaper-changing episodes. In 50%
(15/30) of facilities, diaper-changing surfaces were disinfected with a sanitizer, which
was mostly (86.7%) chlorine bleach solution. The importance of cleaning and sanitizing
cannot be neglected because diaper-changing surfaces have been linked to contamination
of hands of child-care providers (Holaday et al., 1995; Kamat & Malkani, 2003; Laborde
et al., 1993; Laborde et al., 1994; Lee & Grieg, 2008; Sullivan et al., 1984; Van et al.,
1991). For example, Holaday et al. (1995) reported that 51% of 143 samples collected
from the hands of child-care providers were positive for enteric pathogens, which were
associated with diaper changing. Therefore, cleaning and sanitizing diaper-changing
surfaces should be emphasized in child-care facilities to better control and prevent the
spread of pathogens.

Hand-Touch Events
Many studies have been conducted in hospital settings to investigate the
frequencies of hand contacts that healthcare workers made with environmental surfaces
(Anderson et al., 2011; Carling et al., 2006; Huslage et al., 2009; Otter & French, 2009;
Smith et al., 2012). These investigators suggested that contaminated hand-touch sites on
surfaces could serve as reservoirs of pathogens, posing a continued risk for spreading
pathogens between people via unwashed hands. No studies characterized the frequencies
of hand contacts child-care providers made in child-care environments.
Petersen and Bressler (1986) identified fecal coliform bacteria from 54% (35/65)
hand samples of child-care providers and concluded that hands of caregivers were the
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major source of fecal contamination, which suggests the potential risk for the spread of
pathogens via hand contacts. As shown in this study, food-contact surfaces (e.g., counter
top, spoons, and cups) were the most frequently touched nonporous surfaces per
observation (18.6 contacts per observation) in all facilities, which may due to the frequent
preparation of infant formula as well as serving of meals (1.8 meals daily) and snacks
(1.6 snacks daily) by child-care providers in these facilities (Bloomfield & Scott, 1997;
Cosby et al., 2005; Reynolds, Watt, Boone, & Gerba 2005; Scott & Bloomfield, 1990;
Staskel, Briley, Field, & Barth 2007). Considering that the risk of transfer of
contamination via hand contacts with surfaces is constantly present, the cleaning and
sanitation on food-contact surfaces in these centers should be performed on a frequent
daily basis. In this study, 76.7% (23/30) of facilities used sanitizer, which was mostly
(83.3%) chlorine bleach solution, to disinfect the eating surfaces. In this study, 56.7%
(17/30) of facilities used a surface cleaner followed by a sanitizer to clean an eating
surface and 20% (6/30) of facilities use a sanitizer only. Petersen and Bressler (1984)
reported that cleaning of environmental surfaces including food preparation surfaces
resulted in a significant decrease in the percentage of surfaces contaminated with fecal
coliform (from 15% to 7.5%).
As to porous surfaces, we found that child-care providers had the most frequent
hand contact with children’s clothes (34.3 contacts per observation), which may due to
the frequent interaction between child-care providers and children. Research has shown
the risk of transfer of bacteria and viruses from contaminated fabric to hands is constantly
present, especially from wet fabric to hands (Mackintosh & Hoffman, 1984; Russin,
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Maxwell, & Gerba, 2002; Sattar et al., 2001; Scott & Bloomfield, 1990; Sidwell et al.,
1966). The risk for transferring enteric pathogens may increase if child-care providers
have contact with diapered children’s pants, which may be contaminated by feces leaked
from diapers. The hands of child-care providers may be contaminated if they did not
perform proper hand washing after changing diapers. In this study, child-care providers
did not wash their hands in 11.8% (4/34) of diaper-changing events.
Previous studies have reported that the frequent contact between child-care
providers and children via hands may increase the risk of pathogen transmission (Brady,
2005; Jiang et al., 1998; Petersen & Bressler, 1986). As to person’s skin, child-care
providers throughout the entire observation had the most frequent contact with children’s
hands (9.8 contacts per observation). This result is not surprising due to the job duties of
child-care providers are to provide care as well as interact with children. Both Goldmann
et al. (2000) and Hall et al. (1987) noted that touching infants infected with respiratory
syncytial virus (RSV) or surrounding fomites was a risk factor for developing RSV
infection in nurses. Other studies also suggest that hands of both child-care providers and
children constitute the major source of fecal coliform bacteria contamination (Heyman,
2004; Petersen & Brassler, 1984). Moreover, child-care providers also had frequent hand
contacts with hard and soft surface toys and games (14.8 contacts per observation), which
may due to the interaction between child-care providers and children. The frequent hand
contacts of child-care providers with toys, which were reported to be a major source of
pathogens, may increase the risk of spreading pathogens onto these toys (Jiang et al.,
1998).

158

Director Follow-Up Interviews
Of 30 child-care facilities, 53.3% (16/30) installed wall-to-wall carpet/area rugs in
infant rooms and 70% (21/30) installed these rugs in toddler rooms. Even though carpets
offer comfort and can reduce slips and falls, the practice of installing carpets and area
rugs in child-care facilities may increase risks of children contracting pathogens. Once
food or vomitus and fecal matters falls or spill on the carpet, bacteria or aerosolized virus
particles will attach and colonize on the fabric, increasing the difficulty of carpet cleaning
and the possibility of spreading pathogens. Even though the state child-care regulations
of both North Carolina and South Carolina require child-care facilities to vacuum carpets
daily, in this study, 63.3% (19/30) of facilities vacuumed their carpets daily and 86.7%
(26/30) steam cleaned but most often (50%) on a monthly basis (North Carolina
Department of Environment and Natural Resources, & Office of Environmental Health
Services, 2007; South Carolina Department of Social Services, 2006). Alkon et al. (2011)
reported a higher percentage (96%) of 82 facilities where staff vacuumed carpets daily.
Anderson et al. (1982) have shown that pathogens, such as Escherichia coli (isolated
from 22.4% of 58 carpet samples), Enterobacter spp. (isolated from 60.3% of 58 carpet
samples), Klebsiella pneumonia (isolated from 27.5% of 58 samples), and
Staphylococcus aureus (isolated from 44.8% of 58 samples) were isolated from samples
collected from carpets with a microbial load ranged between 9,000 to 201,000 organisms
per inch carpet. A rotavirus outbreak reported by Cheesbrough et al. (1997) further
emphasizes the role of carpet in spreading pathogens. In 1997, two carpet fitters were
confirmed infected with rotavirus 36 hours after they removed a carpet from a hospital
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ward 13 days after the last case of a rotavirus outbreak. The carpet, contaminated with
aerosolized rotavirus particles, was suspect as the source of infection. In this study, 50%
(15/30) and 66.7% (20/30) of facilities installed carpets in the play areas in their infant
rooms and toddler rooms, respectively. Such occurrence of pathogen contamination may
place young children attending child-care facilities at greater risk of contracting
pathogens due to their frequent mouthing behaviors as well as their frequent activities in
carpeted play area (Groot et al., 1998; Tulve et al., 2002). Therefore, in child-care
classrooms, where carpets or rugs are installed (especially in play areas), a frequent
cleaning with an efficient cleaning method is needed to reduce the accumulation or
attachment of pathogens.
Environmental surfaces frequently touched among people also play an important
role in the spread of AGI therefore the sanitation on these surfaces cannot be neglected
(Huslage et al., 2010). Chlorine bleach solution was most often used in 86.7% (26/30) of
facilities. The state child-care regulations of both North Carolina and South Carolina
require the proper proportion of bleach to water to be ¼ cup bleach to 1 gallon water
(North Carolina Department of Environment and Natural Resources, & Office of
Environmental Health Services, 2007; South Carolina Department of Social Services,
2006). Eight (8) of the 30 directors who completed the follow-up interview did not know
the proper concentration for preparing a bleach sanitizing solution. Chlorine bleach
solution with sufficient concentration has been reported to be effective in eliminating
bacteria, fungi, and viruses, except for Cryptosporidium, Giardia lamblia, Salmonella,
and Methicillin-resistant Staphylococccus aureus (MSRA) (Bureau of Gastroenterology,
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2007; Korich et al., 1990; Marriot, 2006; Mokgatla et al., 2002; Richter & Cords, 1999;
U.S. Environmental Protection Agency [USEPA], 1999; USEPA, 2004). Staff in 66.7%
(20/30) of facilities prepared chlorine bleach solution daily. To ensure compliance with
the prescribed solution concentration, state child-care regulations of North Carolina and
South Carolina require facilities to have a sanitizer test kit for the measurement of
concentration. However, only 43.8% (14/32) of facilities had this kit available for use.
The deficiency of sanitizer test devices poses two potential problems: “One problem is
that a sanitizing solution with concentration, which does not meet the minimum
concentration requirement, cannot ensure an effective sanitation. The other problem is
sanitizing solutions with concentration, which exceed the maximum concentration
requirement, may result in residuals of chemicals on food-contact surfaces that cause
intoxication in children.” (U.S. Food and Drug Administration, 2009).
The methods used to disinfect an eating and diaper-changing surface were also
reported in this study, which were: first used a surface cleaner followed by sanitizer and
used sanitizer only. The first method of disinfecting a diaper-changing surface is required
in the state child-care regulations of North Carolina (North Carolina Department of
Environment and Natural Resources, & Office of Environmental Health Services, 2007).
Eight (88.9%) of nine child-care facilities from North Carolina met this requirement.
Alkon et al. (2011) found a lower compliance (38%) with this requirement. Recently,
Tuladhar et al. (2012) evaluated the effectiveness of two disinfection methods on
reducing the viral and bacterial contamination on surfaces: a single wiping with water
and liquid soap and a single wipe with 250 ppm chlorine solution. These investigators did

161

not find a significant difference in residual contamination between these two methods and
yet the results were still higher than the standard limits. An extra 1 to 3 log10 reduction
was found when they first used a single wipe with water and liquid soap followed by a
wipe with 250 ppm chlorine solution. Therefore, they suggested using the latter method
to achieve a sufficient reduction of residual contamination. The sanitation practices differ
among child-care facilities may due to the state child-care regulations varying among
states and the training materials used by different organizations vary because these childcare providers received training from different organizations or agencies. This further
highlights a need of universal hygiene and sanitation standards for child-care facilities.
As of symptoms of gastroenteritis, diarrhea and vomiting are often seen in young
children (Dalby-Payne & Elliott, 2009). Infected children’s stools and vomitus can shed
pathogens within the child-care environments. Virus shed in vomitus can become
aerosolized and its particles then can settle onto the surrounding objects or food where an
infected individual vomited. People who have contact with these contaminated objects or
consume the contaminated food may be infected with the virus (Repp & Kneene, 2012).
For example, a single incidence of vomiting by an individual infected with norovirus may
produce 30 million viral particles and the median peak shedding could be 95 x 109 (range
0.5-1, 640 x 109) genomic copies/gram feces (Atmar et al., 2008; Caul, 1994). In this
study, only 43.3% (13/30) of facilities had written procedures for cleaning up vomitus.
Bloomfield et al. (2012) reported that even though the risk of transfer pathogens from
toilets, sinks, and floors is relatively low, this risk can increase substantially where an
infected person has watery diarrhea, or where a floor surface is contaminated with vomit
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or feces. Current regulations and recommendations have guidelines for excluding childcare staff and children with vomiting or diarrhea, however, few recommend procedures to
cleaning up vomitus or feces (American Academic of Pediatrics, American Public Health
Association, & National Resource Center for Health and Safety in Child Care and Early
Education, 2011). In their recommendations, to clean up vomit or feces one should use
disposable paper towels wetted with detergent and water to remove soil from
contaminated surface and rinse it. But more detailed practices are needed. For example,
the CDC recommends hospital staff to wear gloves and other personal protective
equipment (such as mask) when cleaning up vomitus, feces, blood, and other bodily
fluids. Hospital staff are also recommended to use disposable absorbent material to clean
up visible matters, label the container of the cleaning material, and discard it. To disinfect
surfaces that are contaminated with bodily fluids, the CDC recommends using a clean
cloth or paper towel wetted with an EPA-registered hospital detergent or disinfectant to
swab the surface and let it air dry (CDC, 2003). In 2008, the U.S. Occupational Safety
and Health Administration (OSHA) also recommends disinfecting objects surrounding
the area or surface that is contaminated with bodily fluid with an EPA-registered
disinfectant. Therefore, standardized procedures for cleaning up feces and vomitus is a
needed with the purposes of preventing and controlling the spread of enteric disease in
child-care environments.

Limitations
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There are some potential problems and limitations in this study (Table 5.1). One
limitation is that a convenience sampling strategy was used, which cannot guarantee all
eligible child-care facilities had an equal opportunity to be selected for this study. In
addition, because participation was voluntary, participating child-care facilities may have
favorable sanitary conditions over those of facilities that refused to participate. Therefore,
results obtained from these facilities may not be applied to all U.S. child-care facilities
because it was conducted in a small number (40) child-care facilities in South Carolina
and North Carolina. In addition, the time of site visits was announced to the child-care
facilities. The environmental surfaces may be cleaned before the site visits, which could
bias results of the facility audits by enhancing the visual cleanliness of surfaces. To
conduct a more comprehensive evaluation of the compliance (if hand washing is properly
performed based on the CDC handwashing guidelines) of hand washing by child-care
providers, all five steps of hand washing recommended by the CDC should be evaluated
instead of only three steps that were evaluated in this study.
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Table 5.1. Problems and Limitations of the Study
Limitation
Convenience sample

Announced Site Visits

Data was collected at only one point in
time.

Problem
• The results cannot be generalized to
child-care facilities in the U.S. as a
whole.
• These self-select samples may bias
results.
Environmental surfaces may be cleaned
and sanitized/disinfected before the site
visits.
•
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Findings may vary if data is collected
at a different time frame because
people’s behaviors may change over
time.

CHAPTER SIX
CONCLUSIONS
A total of 40 facilities (18 in North Carolina and 22 in South Carolina; 57
classrooms and 57 child-care providers) were recruited for this study, being the largest
sample size among current observation studies in the U.S. Most (31) of these facilities
were child-care centers. Only 42.5% (17/40) of facilities participated in the Child and
Adult Care Food Program and 17.5% (7/40) of facilities were accredited by the National
Association for the Education of Young Children (NAEYC), indicating that staff in these
facilities had more opportunities to receive food safety training since training is
mandatory in these programs. Providers of on-going food safety and hygiene training
varied among facilities: state or local health agency (37.5%), state or local regulatory
agency (37.5%), private organization or consultant (37.5%), other child-care providers
(32.5%), trainers from facility’s affiliated corporation or company, and corporation
extension (17.5%). This could be a possible cause of the difference in hygiene practices
of child-care workers.
A total of 10,134 hand-touch events were observed, with an average of 198.7
hand-touch events per child-care provider. Child-care providers had frequent hand
contacts with children’s clothes (34.2 times per observation), food-contact surfaces (18.6
times per observation), and children’s hands (9.8 times per observation). The overall
handwashing compliance rate in both states with the CDC handwashing guidelines was
3.5%. The overall diaper-changing compliance rate in both states with the CDC diaperchanging guidelines was 8.8%.
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The mean hygiene score for 32 food preparation areas was 7.3 out of 10. The
mean hygiene score for 51 classrooms was 7.7out of 8. An improvement is needed with
respect to the temperature inside the refrigerator, which was maintained at 41°F or lower
in only 40.6% (13/32) of facilities. The inadequate temperature of food storage may
increase the risk of foodborne illness because the rate of bacterial growth increases as the
temperature increases within 41 oF to 135 oF.
Wall-to-wall carpeting was installed in more than 16 of 30 facilities, but only 10%
(3/30) of facilities steam cleaned their carpets on a weekly basis, which raise a concern
about the cleanliness of the carpet and rug. In addition, only 43.3% (13/30) of facilities
had written procedures for cleaning up vomit and feces. About 57% (17/30; 3 child-care
homes and 14 child-care centers) of facilities used a surface cleaner followed by a
sanitizer to clean an eating surface and 20% (6/30; 1 child-care home and 5 child-care
centers) of facilities only used a sanitizer. To disinfect a diaper-changing surface, 46.7%
(14/30; 3 child-care homes and 11 child-care centers) of facilities used a surface cleaner
followed by a sanitizer and 43.3% (13/30; 1 child-care home and 12 child-care centers) of
facilities only used a sanitizer. Effective training for child-care workers is needed in
universal sanitation standards for child-care facilities.

Recommendations for Future Work
More research can be done to study the affective and cognitive factors (e.g.,
attitudes toward hand washing) that influence the handwashing and diaper-changing
practices of child-care providers. Studies have been done in hospital settings to
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investigate the environmental determinants of hygiene behaviors of healthcare workers,
but few (one Dutch study) have been done in child-care settings. Furthermore, studies can
be done to investigate the environmental determinants (e.g., location of handwashing
sinks and trash cans for dirty diapers) that affect the handwashing and diaper-changing
practices of child-care providers. Hand washing is recognized as a simple and effective
measure to prevent and control infectious diseases. Thus, child-care providers who
combine food preparation with diaper changing are reported to increase the risk of
spreading enteric pathogens in child-care settings. Therefore, the more that is known
about the affective, cognitive, and environmental determinants of handwashing and
diaper-changing practices of child-care providers, the more likely it is that successful
interventions with long-term effects can be developed to improve hygiene behaviors in
the child-care environments.

168

LITERATURE CITED

Abraham, E., Middleton, D., Keates, D., & Tallidis, M. (1997). Outbreak of E. coli
O157:H7 with associated cases of haemolytic ureamic syndrome in a children's
daycare center. Public Health Epidemiology Report Ontario, 8, 126-130.
Ackerman, S. J., Duff, S. B., Dennehy, P. H., Mafilios, M. S., & Krilov, L. R. (2001).
Economic impact of an infection control education program in a specialized
preschool setting. Pediatrics, 108(6), e102-e110.
Akihara, S., Phan, T. G., Nguyen, T. A., Hansman, G., Okitsu, S., & Ushijima, H. (2005).
Existence of multiple outbreaks of viral gastroenteritis among infants in a daycare
center in Japan. Archives of Virology, 150, 2061-75.
Albrecht, J. A., Sumner, S. S., & Henneman, A. (1992). Food safety in child-care
facilities. Dairy, Food and Environmental Sanitation, 12(12), 740-743.
Alkon, A., Bernzweig, J., To, K., Wolff, M., & Mackie, J. F. (2009). Child-care health
consultation improves health and safety policies and practices. Academic
Pediatrics, 9, 366-70.
Alkon, A., To, K., Mackie, J. F., Wolff, M., & Bernzweig, J. (2010). Health and safety
needs in early care and education programs: What do directors, child health
records, and national standards tell us? Public Health Nursing, 27(1), 3-16.
Alkon, A., & Cole, P. S. (2011). Assessing Indiana’s health and safety in early care and
education programs: identifying areas for improvement. Maternal and Child
Health Journal, 16(3), 555-563.
Almansour, F. D., Sweitzer, S. J., Magness, A. A., Calloway, E. E., McAllaster, M. R.,
Roberts-Gray, C. R., Hoelscher, D. M., & Briley, M. E. (2011). Temperature of
foods sent by parents of preschool-aged children. Pediatrics, 128(3), e1-5.
American Academy of Pediatrics, American Public Health Association, National
Resource Center for Health and Safety in Child Care and Early Education.
(2002). Exclusion and inclusion of ill children in child-care facilities and care of
ill children in childcare. In: Caring for our children: National health and safety
performance standards; Guidelines for early care and education programs (3rd
ed.). Elk Grove Village, IL: American Academy of Pediatrics; Washington, DC:
American Public Health Association.

169

American Academy of Pediatrics. (2011a). Immunization: Hepatitis A. Retrieved from
http://www2.aap.org/immunization/illnesses/hepb/hepa.html
American Academy of Pediatrics. (2011b). Immunization: Rotavirus. Retrieved from
http://www2.aap.org/immunization/illnesses/rotavirus/rotavirus.html
American Academy of Pediatrics. (2011c). Policies. In: Caring for our children: National
health and safety performance standards: Guidelines for early care and education
programs (3rd ed.). Elk Grove Village, IL: American Academy of Pediatrics;
Washington, DC: American Public Health Association. Retrieved from
http://nrckids.org/CFOC3/PDFVersion/PDF_Color/CFOC3_ch9.pdf
American Academy of Pediatrics. (2011d). Facilities, supplies, equipment, and
environmental health. In: Caring for our children: National health and safety
performance standards: Guidelines for early care and education programs (3rd ed.).
Elk Grove Village, IL: American Academy of Pediatrics; Washington, DC:
American Public Health Association. Retrieved from
http://nrckids.org/CFOC3/PDFVersion/PDF_Color/CFOC3_ch5.pdf
American Academy of Pediatrics. (2011e). Health promotion and protection. In: Caring
for our children: National health and safety performance standards: Guidelines for
early care and education programs (3rd ed.). Elk Grove Village, IL: American
Academy of Pediatrics; Washington, DC: American Public Health
Association. Retrieved from
http://nrckids.org/CFOC3/PDFVersion/PDF_Color/CFOC3_ch3.pdf
American Academy of Pediatrics. (2011f). Nutrition and Foodservice. In: Caring for our
children: National health and safety performance standards: Guidelines for early
care and education programs (3rd ed.). Elk Grove Village, IL: American Academy
of Pediatrics; Washington, DC: American Public Health Association. Retrieved
from http://nrckids.org/CFOC3/PDFVersion/PDF_Color/CFOC3_ch4.pdf
American Academy of Pediatrics. (2011g). Licensing and community action. In: Caring
for our children: National health and safety performance standards: Guidelines for
early care and education programs (3rd ed.). Elk Grove Village, IL: American
Academy of Pediatrics; Washington, DC: American Public Health Association.
Retrieved from
http://nrckids.org/CFOC3/PDFVersion/PDF_Color/CFOC3_ch10.pdf
American Public Health Association. (2004). Control of communicable diseases manual.
In: D.L. Heymann (ed.), (pp. 139, 161, 230, 225-226, 248, 250, 488-489, 514).
Washington, DC: American Public Health Association.

170

Anderson, J. B., Shuster, T. A., Hansen, K. D., Levy, A. S., & Volk, A. (2004). A
camera’s view of consumer food-handling behaviors. Journal of the American
Dietetic Association, 104(2), 186-91.
Anderson, R. E., Young, V., Stewart, M., Robertson, C., & Dancer, S. J. (2011).
Cleanliness audit of clinical surfaces and equipment: Who cleans what? Journal
of Hospital Infection, 78, 178-181.
Ang, L. H. (2000). Outbreak of Giardiasis in a child-care nursery. Communicable
Disease and Public Health, 3, 212-213.
Aronson, S. S., & Osterholm, M. T. (1986). Infectious disease in childcare: Management
and prevention: Summary of the symposium and recommendations. Reviews of
Infectious Disease, 8(4), 672-679.
Aronson, S. S., & Shope, T. R. (2009). Managing infectious diseases in child-care and
schools: A quick reference guide (2nd ed.). Elk Grove Village, IL: American
Academy of Pediatrics. Retrieved from http://www.healthychildcare.org/PDF/InfDiseases/M2_DiaperChangingp.pdf.
Arvelo, W., Hinkle, C. J., Nguyen, T. A., Weiser, T., Steinmuller, N., Khan, F., Gladbach,
S., Parsons, M., Jennings, D., Zhu, B. P., Mintz, E., & Bowen, A. (2009).
Transmission risk factors and treatment of pediatric Shigellosis during a large
daycare center-associated outbreak of multidrug resistant Shigella sonnei:
Implications for the management of Shigellosis outbreaks among children. The
Pediatric Infectious Disease Journal, 28, 976-980.
Atmar, R. L., Opekun, A. R., Gilger, M. A., Estes, M. K., Crawford, S. E., Neill, F. H., &
Graham, D. Y. (2008). Norwalk virus shedding after experimental human
infection. Emerging Infectious Diseases, 14(10), 1553-7.
Basß, M., Ersun, A. S., & Kivanc G. (2006). Implementation of HACCP and
prerequisite programs in food businesses in Turkey. Food Control, 17, 118-126.
Ball, S. C., Benjamin, S. E., & Ward, D. S. (2007). Development and reliability of an
observation method to assess food intake of young children in child-care. Journal
of the American Dietetic Association, 107(4), 656-661.
Barros, A., Ross, D., Fonseca, W., Williams, L., & Moreira-Filho, D. (1999). Preventing
acute respiratory infections and diarrhea in child day care centers. Acta
Paediactrica, 88, 1113-1118.

171

Barker, J., Stevens, D., & Bloomfield, S. F. (2001). Spread and prevention of some
common viral infections in community facilities and domestic homes. Journal of
Applied Microbiology, 91, 7-21.
Barker, J., Vipond, I. B., & Bloomfield, S. F. (2004). Effects of cleaning and disinfection
in reducing the spread of Norovirus contamination via environmental surfaces.
Journal of Hospital Infection, 58, 42-49.
Beatrice, J., Selwyn, C., & Morton, H. (1983). Transmission dynamics of enteric bacteria
in day-care centers. American Journal of Epidemiology, 118, 562-572.
Bellamy, K., Laban, K. L., Barrett, K. E., & Talbot, D. C. S. (1998). Detection of viruses
and body fluids which may contain viruses in the domestic environment.
Epidemiology Infection, 121, 673-680.
Belmaker, I., Dukhan, L., Yose, Y., Leventhal, A., & Dagan, R. (2007). Elimination of
hepatitis A infection outbreaks in daycare and school settings in southern Israel
after introduction of the national universal toddler hepatitis A immunization
program. Pediatric Infectious Disease Journal, 26(1), 36-40.
Beuchat, L. R., & Brackett, R. E. (1990). Survival and growth of Listeria monocytogenes
on lettuce as influenced by shredding, chlorine treatment, modified atmosphere
packaging and temperature. Journal of Food Science, 55, 755 – 758.
Bureau of Gastroenterology – Infection and viral diseases, therapeutic products
directorate. (2007). Release of final Health Canada document: Guidance
document: Disinfectant drugs –Drugs and health products. Ottawa, ON: Health
Canada. Retrieved from http://www.hc-sc.gc.ca/dhp-mps/prodpharma/applicdemande/guide-ld/disinfect-desinfect/disinf_desinf-eng.php
Bidawid, S., Malik, N., Adegbunrin, O., Sattar, S. A., & Farber, J. M. (2004). Norovirus
cross-contamination during food handling and interruption of virus transfer by
hand antisepsis: Experiments with feline calicivirus as a surrogate. Journal of
Food Protection, 67(1), 103-109(7).
Binns, C., & Lee, M. K. (2010). The use of probiotics to prevent diarrhea in young
children attending child care centers: A review. Journal of Experimental and
Clinical Medicine, 2(6), 269-273.
Black, R. E., Dykes, A. C., Anderson, K. E., Wells, J. G., Sinclair, S. P., Gary, G. W.,
Hatch, M. H., & Gangarosa, E. J. (1981). Handwashing to prevent diarrhea in
day-care centers. American Journal of Epidemiology, 113(4), 445-451.

172

Bloom, P. J., & Sheerer, M. (1992). The effect of leadership training on child-care
program quality. Early Childhood Research Quarterly, 7, 579-594.
Bloomfield, S. F., & Scott, E. (1997). Cross-contamination and infection in the domestic
environment and the role of chemical disinfectants. Journal of Applied
Microbiology, 83, 1-9.
Bloomfield, S. F., Exner, M., Signorelli, C., Nath, K. J., & Scott, E. A. (2012). The chain
of infection transmission in the home and everyday life settings, and the role of
hygiene in reducing the risk of infection. Retrieved from http://www.ifhhomehygiene.org/IntegratedCRD.nsf/111e68ea0824afe1802575070003f039/9df1
597d905889868025729700617093?OpenDocument
Bolin, H. R., Stafford, A. E., King, A. D. Jr., & Huxsoll, C. C. (1977). Factors affecting
the storage stability of shredded lettuce. Journal of Food Science, 42, 1319-1321.
Boone, S. A., & Gerba, C. P. (2005). The occurrence of influenza A virus on household
and day care center fomites. The Journal of infection, 51(2), 103-109.
Boone, S. A., & Gerba, C. P. (2007). Significance of fomites in the spread of respiratory
and enteric viral disease. Applied and Environmental Microbiology, 73, 16871696.
Boushey, C., Harris, J., Bruemmer, B., Archer, S. L., & Horn, L. V. (2006). Publishing
nutrition research: A review of study design, statistical analyses, and other key
elements of manuscript preparation, part 1. Journal of American Dietetic
Association, 106, 89-96.
Brady, M. T. (2005). Infectious disease in pediatric out-of-home childcare. American
Journal of Infection Control, 33, 276 – 285.
Bradley, R. H., National Institute of Child Health and Human Development (NICHD), &
Early Child-Care Research Network. (2003). Child-care and common
communicable illnesses in children aged 37 to 54 months. Archive of Pediatrics
and Adolescent Medicine, 157(2), 196-200.
Bronson-Lowe, D. L. (2006). Impact of an environmental hygiene intervention on illness
and microbial levels in child care centers. Doctoral dissertation. Retrieved from
http://arizona.openrepository.com/arizona/bitstream/10150/195257/1/azu_etd_150
3_sip1_m.pdf

173

Brown, J. A., Hite, D. S., Gillim-Ross, L. A., Maguire, H. F., Bennett, J. K., Patterson, J.
J., Comstock, N. A., Watkins, A. K., Ghosh, T. S., & Vogt, R. L. (2012).
Outbreak of Shiga toxin-producing Escherichia coli serotype O26:H11 infection
at a child care center in Colorado. Pediatrics Infectious Disease Journal, 31, 379383.
Buzby, J. C. (2001). Children and microbial foodborne illness. Food Review, 24, 32-37.
Burchinal, M. R. (1999). Child-care experiences and developmental outcomes. Annals of
the American Academy of Political and Social Science, 563, 73-97.
California Department of Social Services. (2001). Child-care center self assessment guide.
Retrieved from http://www.ccld.ca.gov/res/pdf/childcarecentersaguide.pdf
Carabin, H., Gyorkos, T. W., Soto, J. C., Penrod, J., Joseph, L., & Collet, J. P. (1999).
Estimation of direct and indirect costs because of common infections in toddlers
attending child-care centers. Pediatrics, 103(3), 556-564.
Cardon, G., Cauwenberghe, E. V., & De Bourdeaudhuij, I. (2011). Physical activity in
infants and toddlers. Encyclopedia on early childhood development, 1-6.
Carter, C. H., Hendley, J. O., Mika, L. A., & Gwaltney, J. M. (1980). Rhinovirus
inactivation by aqueous iodine in vitro and on skin. Proceedings of the Society for
Experimental Biology and Medicine, 165, 380-383.
Centers for Disease Control and Prevention. (2001). Outbreaks of Escherichia coli
O157:H7 infections among children associated with farm visits – Pennsylvania
and Washington, 2000. Morbidity and Mortality Weekly Report, 50(15), 293-297.
Centers for Disease Control and Prevention. (2003). Guideline for hand hygiene in health
- care settings: Recommendations of the Health Care Infection Control Practices
Advisory Committee and the HICPAC / SHEA / APIC / IDSA Hand Hygiene
Task Force. Mortality and Morbidity Weekly Report, 51(RR-16), 1-48.
Centers for Disease Control and Prevention. (2003). Managing acute gastroenteritis
among children: Oral rehydration, maintenance, and nutritional therapy.
Morbidity and Mortality Weekly Report, 52(RR16), 1-16.
Centers for Disease Control and Prevention. (2004). Daycare-related outbreaks of
rhamnose-negative Shigella sonnei--six states, June 2001-March 2003. Morbidity
and Mortality Weekly Report, 53, 60-63.

174

Centers for Disease Control and Prevention. (2005). Guidelines for establishing and
maintaining a diapering station in an evacuation center. Retrieved from
http://www.bt.cdc.gov/disasters/pdf/diaperingguidelines.pdf
Centers for Disease Control and Prevention. (2005). Outbreaks of Escherichia coli
O157:H7 associated with petting zoos – North Carolina, Florida, and Arizona,
2004 and 2005. Morbidity and Mortality Weekly Report, 54, 1277-1280.
Centers for Disease Control and Prevention. (2006). Outbreaks of multidrug-resistant
Shigella sonnei gastroenteritis associated with daycare centers – Kansas,
Kentucky, and Missouri, 2005. Morbidity and Mortality Weekly Report, 55, 10681071.
Centers for Disease Control and Prevention. (2012). 2012 recommended immunizations
for children from birth through 6 years old. Retrieved from
http://www.cdc.gov/vaccines/parents/downloads/parent-ver-sch-0-6yrs.pdf
Centers for Disease Control and Prevention, & National Center for Infectious Diseases.
(2006). Norovirus technical fact sheet. Retrieved from
www.cdc.gov/ncidod/dvrd/revb/ gastro/norovirus-factsheet.htm
Census. (2011). Who’s minding the kids? Child care arrangements: Spring 2010—
detailed tables. In: Child Care, U.S. Census Bureau, U. S. Department of
Commerce. Retrieved from
http://www.census.gov/hhes/childcare/data/sipp/2010/tables.html
Chadwick, P. R., & McCann, R. (1994). Transmission of a small round structured virus
by vomiting during a hospital outbreak of gastroenteritis. Journal of Hospital
Infection, 26, 251-259.
Chen, W. C., Huang, A. S., Chuang, J. H., Chiu, C. C., & Kuo, H. S. (2011). Social and
economic impact of school closure resulted from pandemic influenza A/H1N1.
Journal of Infection, 62(3), 200-203.
Chen, Y., Jackson, K. M., Chea, F. P., & Schaffner, D. W. (2001). Quantification and
variability analysis of bacterial cross-contamination rates in common food service
tasks. Journal of Food Protection, 64(1), 72-80(9).
Cheesbrough, J. S., Barkess-Jones, L., & Brown, D. W. (1997). Possible prolonged
environmental survival of small round structured viruses. Journal of Hospital
Infection, 35, 325-326.

175

Children & Youth Partnership for Dare County. (2011). Licensed child-care vs.
unlicensed child-care – What’s the difference? Retrieved from
http://www.darekids.org/reports/Licensed%20Child%20Care%20vs%20Unlicens
ed%20Care.pdf
Child Trends Data bank. (2005). Childcare. Retrieved from
http://www.childtrendsdatabank.org/archivepgs/21.htm.
Churchill, R. B., & Pickering, L. K. (1997). Infection control challenges in child-care
centers. Infectious Disease Clinics of North America, 11(2), 347-365.
Clayton, D. A., & Griffith, C. J. (2004). Observation of food safety practices in catering
using notational analysis. British Food Journal, 106(3), 211-227.
Cliff, D. P., Reilly, J. J., & Okely, A. D. (2009). Methodological considerations in using
accelerometers to assess habitual physical activity in children aged 0-5 years.
Journal of Science and Medicine in Sport, 12, 557-567.
Coffin, S. E., Elser, J., Marchant, C., Sawyer, M., Pollara, B., Fayorsey, R., Nelson, L.,
Lawley, D., Goveia, M., Stek, J., Hille, D., & DiNubile, M. J. (2006). Impact of
acute rotavirus gastroenteritis on pediatric outpatient practices in the United States.
Pediatric Infectious Disease Journal, 25(7), 584-589.
Copeland, K. A., Harris, E. N., Wang, N. Y., & Cheng, T. L. (2006). Compliance with
American Academy of Pediatrics and American Public Health Association illness
exclusion guidelines for child-care centers in Maryland: Who follows them and
when? Pediatrics, 118(5), e1369-80.
Cosby, C. M., Costello, C. A., Morris, W. C., Haughton, B., Devereaux, M. J., Harte, F.,
& Davidson, P. M. (2008). Microbiological analysis of food-contact surfaces in
child-care centers. Applied and Environmental Microbiology, 74(22), 6918-6922.
Cote, S. M., Petitclerc, A., Raynault, M-F, Xu, Q., Falissard, B., Boivin, M., & Tremblay,
R. E. (2010). Short- and long-term risk of infections as a function of group childcare attendance- an 8-year population-based study. Archive of Pediatrics &
Adolescent Medicine, 164(12), 1132-1137.
Cortes, J. E., Curns, A. T., Tate, J. E., & Parashar, U. D. (2009). Trends in healthcare
utilization for diarrhea and Rotavirus disease in privately insured U.S. children <
5 years of age, 2001-2006. Pediatric Infectious Disease Journal, 28, 874-878.

176

Crowley, A. A., & Rosenthal, M. S. (2009). Ensuring the health and safety of
Connecticut’s early care and education programs: An analysis of Department of
Public Health Child Care Licensing Specialists’ Reports of Unannounced
Inspections. Farmington, CT: The Child Health and Development Institute of
Connecticut. Retrieved from http://www.chdi.org/impact-ensuringhealthandsafety
Curtis, V., Schmidt, W., Luby, S., Florez, R., Toure, O., & Brian, A. Hygiene: New
hopes, new horizons. The Lancet Infectious Diseases, 11, 312-321.
Dalby-Payne, J., & Elliott, E. (2009). Gastroenteritis in children. Clinical Evidence, 9,
314-335.
Dancer, S. J. (2009). The role of environmental cleaning in the control of hospitalacquired infection. Journal of Hospital Infection, 73, 378-385.
DeBord, K. (1993). A little respect and eight more hours in the day: Family childcare
providers have special needs. Young Children, 48, 21-26.
Dharod, J. M., Perez-Escamilla, R., Paciello, S., Bermudez-Millan, A., Venkitanarayanan,
K., & Damio, G. (2007). Comparison between self-reported and observed food
handling behaviors among Latinas. Journal of Food Protection, 70(8), 1927-1932.
Dillman, D. A., Smyth, J. D., & Christian, L. M. (2007). Internet, mail, and mixed-mode
survey: The tailored design method (3rd ed.). Hoboken, NJ: John Wiley & Sons,
Inc.
Duff, S. B., Mafilios, M. S., & Ackerman, S. J. (2000). Economic evaluation of infection
control practices in daycare and the home: Methodological challenges and
proposed solutions. Pediatric Infectious Disease Journal, 19(10), 125-8.
Dunning, D., Heath, C., & Suls, J. M. (2004). Flawed self-assessment: Implications for
health, education, and the workplace. Psychological Science in the Public Interest,
5, 69-106.
Doebbeling, B. N., Pfaller, M. A., Houston, A. K., & Wenzel, R. P. (1988). Removal of
nosocomial pathogens from the contaminated glove: Implications for glove reuse
and handwashing. Annual International Medicine, 109, 394-398.
Doyle, T. J., Stark, L., Hammond, R., & Hopkins, R. S. (2009). Outbreaks of noroviral
gastroenteritis in Florida, 2006–2007. Epidemiology and Infection, 137, 617-625.
Duff, S. B., Mafilios, M. S., & Ackerman, S. J. (2000). Economic evaluation of infection
control practices in daycare and the home: Methodologic challenges and proposed
solutions. Pediatric Infectious Disease Journal, 19(10), 125-8.

177

Drees, M., & Hathcock, A. L. (2004). Prolonged daycare-associated outbreak caused by
Shigella sonnei – Delaware, July 2002-April 2003. Delaware Medical Journal, 76,
235-241.
Drudy, D., Mullane, N. R., Quinn, T., Wall, P. G., & Fanning, S. (2006). Enterobacter
sakazakii: An emerging pathogen in powdered infant formula. Food Safety, 42(1),
996-1002.
Dunn-Navarra, A-M., Cohen, B., Stone, P. W., Pogorzelska, M., Jordan, S., & Larson, E.
(2011). Relationship between systems-level factors and hand hygiene adherence.
Journal of Nursing Care Quality, 26(1), 30-38.
Enke, A. A., Briley, M. E., Curtis, S. R., Greninger, S. A., & Staskel, D. M. (2007).
Quality management procedures influence the food safety practices of child-care
centers. Early Childhood Education Journal, 35(1), 75-81.
Ekanem, E. E., DuPont, H. L., Pickering, L. K., Selwyn, B. J., & Hawkins, C. M. (1983).
Transmission dynamics of enteric bacteria in day-care centers. American Journal
of Epidemiology, 118, 562-572.
Ethelberg, S., Olesen, B., Neimann, J., Schiellerup, P., Helms, M., Jensen, C., Bottiger,
B., Olsen, K. E., Scheutz, F., Gerner-Smidt, P., & Molbak, K. (2006). Risk factors
for diarrhea among children in an industrialized country. Epidemiology, 17, 24-30.
Evans, M. R., Roberts, R. J., Ribeiro, C. D., Gardner, D., & Kembrey, D. (1996). A
milkborne campylobacter outbreak following an educational farm visit.
Epidemiology and Infection, 117, 457-462.
Fau, C., Billaud, G., Pinchinat, S., Lina, B., Kaplon, J., Pothier, P., Derrough, T.,
Marcelon, L., Largeron, N., Caulin, E., Bellemin, B., Cao, N.T., Gaspard, C.,
Mamoux, V., & Floret, D. (2008). Epidemiology and burden of rotavirus diarrhea
in daycare centers in Lyon, France. Archives de Pédiatrie, 15, 1183-92.
Ferson, M. J., S. Stringfellow, K. McPhie, C. J. McIver, & Simos, A. J. (1997).
Longitudinal study of rotavirus infection in child-care centres. Journal of
Paediatrics and Child Health, 33, 157-160.
Ferson, M. J., Ressler, K. A., McIver, C. J., Isaacs, M., & Rawlinson, W. D. (2000).
Norwalk-like virus as a cause of a gastroenteritis outbreak in a child-care centre.
Australian and New Zealand Journal of Public Health, 24, 342 – 343.

178

Fiene, R. (1996). Unannounced vs. announced licensing inspections in monitoring child
care programs. Paper developed for the Cross-systems licensing project,
Pennsylvania State University at Harrisburg and Pennsylvania Department of
Public Welfare.
Fiene, R. (2002). 13 indicators for quality childcare: Research update. Washington, DC:
U.S. Department of Health and Human Services, Office of the Assistant Secretary
for Planning and Evaluation. Retrieved from
http://aspe.hhs.gov/hsp/ccquality_ind02/.
Finkbeiner, S. R., Li, Y., Ruone, S., Conrardy, C., Gregoricus, N., Toney, D., Virgin, H.
W., Anderson, L. J., Vinje, J., Wang, D., & Tong, S. (2009). Identification of a
novel astrovirus (astrovirus VA1) associated with an outbreak of acute
gastroenteritis. Journal of Virology, 83, 10836-9.
Fischer, A. R. H., De Jong, A. E. I., De Jonge, R., Frewer, L. J., & Nauta, M. J. (2005).
Improving food safety in the domestic environment: The need for a transdisciplinary approach. Risk Analysis, 25(3), 503-517.
Fischer, A. R. H., De Jong, A. E., Van Asselt, E. D., De Jonge, R., Frewer, L. J., &
Nauta, M. J. (2007). Food safety in the domestic environment: An
interdisciplinary investigation of microbial hazards during food preparation. Risk
Analysis, 27(4), 1065-82.
Gabbay, Y. B., Jiang, B., Oliveria, C. S., Mascarenhas, J. D., Leite, J. P., Glass, R. I., &
Linhare, A. C. (1999). An outbreak of group C rotavirus gastroenteritis among
children attending a day-care centre in Belém, Brazil. Journal of Diarrheal
Disease Research, 17, 69-74.
Galanis, E., Longmore, K., Hasselback, P., Swann, D., Ellis, A., & Panaro, L. (2003).
Investigation of an E. coli O157:H7 outbreak in Brooks, Alberta, June-July 2002:
The role of occult cases in the spread of infection within a daycare setting.
Canada Communicable Disease Report, 29(3), 21-28.
Gardner, T. B., & Hill, D. R. (2001). Treatment of giardiasis. Clinical Microbiology
Reviews, 14, 114-128.
Garrett, V., Bornschlegel, K., Lange, D., Reddy, V., Kornstein, L., Kornblum, J., Agasan,
A., Hoekstra, M., Layton, M., & Sobel, J. (2006). A recurring outbreak of
Shigella sonnei among traditionally observant Jewish children in New York City:
The risks of daycare and household transmission. Epidemiology Infection, 134,
1231-1236.

179

Genobile, D., Gaston, J., Tallis, G., Gregory, J., Griffith, J., Valcanis, M., Lightfoot, D.,
and Marshall, J. A. (2004). An outbreak of shigellosis in a child-care center.
Communicable Diseases Intelligence, 28(2), 225-229.
Gibson, L. L., Rose, J. B., Haas, C. N., Gerba, C. P., & Rusin, P. A. (2002). Quantitative
assessment of risk reduction from hand washing with antibacterial soaps. Journal
of Applied Microbiology, 92, 136S-143S.
Gilber, M., Monk, C., Wang, H. L., Diplock, K., & Landry, L. (2008). Screening policies
for daycare attendees. Canadian Journal of Public Health, 281-285.
Giannitsioti, E., Athanasia, S., Antoniadou, A., Fytron, H., Athanassiou, K., Bourvani, P.,
Kanellakopoulou, K., Kouvelas, K., Papadopoulos, A., Plachouras, D., &
Giamarellu, H. (2009). Does a bed rail system of alcohol-based handrub antiseptic
improve compliance of health care workers with hand hygiene? Results from a
pilot study. American Journal of Infection control, 37, 160-163.
Glass, R. I., Lew, J. F., Gangarosa, R. E., LeBaron, C. W., & Ho, M. S. (1991). Estimates
of morbidity and mortality rates for diarrheal diseases in American children.
Journal of Pediatrics, 118(4 pt 2), S27-33.
Goh, K. T., Teo, S. H., Tay, L., & Monterior, E. H. A. (1992). Epidemiology and control
of an outbreak of typhoid in a psychiatric institution. Epidemiology and Infection,
108, 221-229.
Goldmann, D. A. (2000). Transmission of viral respiratory infections in the home.
Pediatric Infectious Disease Journal, 19(10), S97-S102.
Goodman, R. A., Osterholhm, M.T., Granoff, D.M., & Pickering, L.K. (1984). Infectious
diseases and childcare. Pediatrics, 74 (1), 134-139.
Gotz, H., De Jong, B., Lindback, J., Parment, P. A., Hedlund, K. O., Torven, M., &
Ekdahl, K. (2002). Epidemiological investigation of a foodborne gastroenteritis
outbreak caused by Norwalk-like virus in 30 daycare centers. Scandinavian
Journal of Infectious Diseases, 34, 115-121.
Gouveia, S., Proctor, M. E., Lee, M. S., Luchansky, J. B., & Kaspar, C. W. (1998).
Genomic comparisons and Shiga toxin production among Escherichia coli
O157:H7 isolates from a daycare center outbreak and sporadic cases in
southeastern Wisconsin. Journal of Clinical Microbiology, 36, 727-733.
Goodgame, R. (2006). Norovirus gastroenteritis. Current Gastroenterology Reports, 8,
401-408.

180

Gordon, R. A., Kaestner, R., & Korenman, S. (2005). The spread of infectious diseases
and the effectiveness of infection control practices in child care settings.
Infectious Diseases in Child Care, 1-40.
Gordon, R. A., & Kaestner, R. (2008). Child care and work absence: Trades-off by type
of child care. Journal of Marriage and Family, 70, 239-254.
Gorman, R., Bloomfield, S., & Adley, C. C. (2002). A study of cross-contamination of
food-borne pathogens in the domestic kitchen in the Republic of Ireland.
International Journal of Food Microbiology, 76 (1-2), 143-150.
Graham, M. (1990). Frequency and duration of handwashing in an intensive care unit.
American Journal of Infection Control, 18(2), 77-81.
Gran, A. M., & Hofmann, D. A. (2011). It’s not all about me: Motivating hospital hand
hygiene by focusing on patients. Psychological Science, 22, 1494-1499.
Green, L., Radke, V., Mason, R., Bushnell, L., Reimann, D. W., Mack, J. C., Motsinger,
J.D., Stigger, T., & Selman, C.A. (2007). Factors related to food worker hand
hygiene practices. Journal of Food Protection, 70(3), 661-666.
Groot, M. E., Lekkerkerk, M. C., & Steenbekkers, L. P. A. (1998). Mouthing behavior in
young children: An observational study. Wageningen, The Netherlands:
Agricultural University Wageningen, Household and Consumer Studies.
Gudnason, T., Hrafnkelsson, B., Laxdal, B., & Kristinsson, K. G. (2012). Does hygiene
interventions at day care centres reduce infectious illness in children? An
intervention cohort study. Scandinavian Journal of Infectious Diseases,
doi:10.3109/00365548.2012.749424
Gwaltney, J. M., P. B. Moskalski, & J. O. Hendley. (1978). Hand to hand transmission of
rhinovirus colds. Annual International Journal of Medicine, 88, 463-467
Hagan, E. E. (2011). A multidisciplinary approach to food safety evaluation: Hummus
spoilage and microbial analysis of kitchen surfaces in residential child care
institutions (RCCI) in Massachusetts. Thesis. Retrieved from
http://scholarworks.umass.edu/cgi/viewcontent.cgi?article=1698&context=theses
Hall, C. B., Douglas, R. G., Schnabel, K. C., & Geiman, J. M. (1981). Infectivity of
respiratory syncytial virus by various routes of inoculation. Infectious
Immunology, 33, 779-783.

181

Hardy, M. Alison, R. L. David, & L. M. Ardythe. (1994). Costs associated with
gastrointestinal-tract illness among children attending day-care centers in Houston,
Texas. Pediatrics, 94 (6 Pt 2), 1091-1093.
Haysom, I., & Sharp, A. (2005). Bacterial contamination of domestic kitchens over a 24hour period. British Food Journal, 107, 453-466.
Hayden, M. K., Blom, D. W., Lyle, E. A., Moore, C. G., & Weinstein, R. A. (2008). Risk
of hand or glove contamination after contact with patients colonized with
vancomycin-resistant Enterococcus or the colonized patients’ environment.
Infection Control and Hospital Epidemiology, 29, 149-154.
Hedberg, G. W. (2006). Epidemiology of viral foodborne outbreaks. In: Goyal, S. M.
(ed.), Viruses in Foods (pp 239 – 255). New York, NY: Springer.
Hedberg, C. W., Smith, S. J., Kirkland, E., Radke, V., Jones, T. F., Selman, C. A., & the
EHS-NET Working Group. (2006). Systematic environmental evaluations to
identify food safety differences between outbreak and nonoutbreak restaurants.
Journal of Food Protection, 69(11), 2697-2702.
Hills, A. P., King, N. A., & Armstrong, T. P. (2007). The contribution of physical activity
and sedentary behaviours to the growth and development of children and
adolescents. Sport Medicine, 37(6), 533-545.
Howes, M., McEwen, S., Griffiths, M., & Harris, L. (1996). Food handler certification by
home study: Measuring changes in knowledge and behavior. Dairy Food
Environment Sanitation, 16, 737-744.
Holaday, B., Waugh, G., Moukaddem, V. E., West, J., & Harshman, J. (1995). Fecal
contamination in child day care centers: Cloth vs paper diapers. American Journal
of Public Health, 85(1), 30-33.
Holaday, B., Pantell, R., Lewis, C., & Gilliss, C. L. (1990). Patterns of fecal
contamination in day-care centers. Public Health Nursing, 7(4), 224-228.
Huskins, W. C. (2000). Transmission and control of infections in out-of-home childcare.
Pediatrics Infectious Disease Journal, 19, S106-110.
Huslage, K., Rutala, W. A., Sicker-Bennett, E., & Weber, D. J. (2010). A quantitative
approach to defining “high touch” surfaces in hospitals. Infection Control and
Hospital Epidemiology, 31(8), 850-853.

182

Isakbaeva, E. T., Bulens, S. N., Beard, S., & Adams, S. (2005). Norovirus and child care:
challenges in outbreak control. The Pediatric Infectious Disease Journal, 24(6),
561-567.
Janz, N. K., & Becker, M. H. (1984). The health belief model: A decade later. Health
Education Quarterly, 11(1), 1-47.
Jimenez, M., Martinez, C. I., & Chaidez, C. (2010). Disinfection alternatives for contact
surfaces and toys at child care centers. International Journal of Environmental
Health Research, 20(6), 387-394.
Jiang, X., Dai, X., Goldblatt, S., Buescher, C., Cusack, T. M., Matson, D. O., & Pickering,
L. K. (1998). Pathogen transmission in child-care settings studied by using a
cauliflower virus DNA as a surrogate marker. The Journal of Infectious Diseases,
177, 881-888.
Jones, T. F., Ingram, L. A., Fullerton, K. E., Marcus, R., Anderson, B. J., McCarthy, P.
V., Vugia, D., Shiferaw, B., Haubert, N., Wedel, S., & Angulo, F. J. (2006). A
case-control study of the epidemiology of sporadic salmonella infection in infants.
Pediatrics, 118, 2380-2387.
Jorgensen, K., Andersen, L. G., Simonsen, J., & Sorup, S. (2008). Child-care is not a
substantial risk factor for gastrointestinal infection hospitalization. Pediatrics, 122,
e1168-73.
Jumaa, P. A. (2005). Hand hygiene: Simple and complex. International Journal of
Infectious Diseases, 9, 3-14.
Kahan, E., Gross, S., & Avner-Cohen, H. (2005). Exclusion of ill children from childcare centers in Israel. Patient Education and Counseling, 56, 93-97.
Kang, J. (2006). Institutions, politics, and regulatory policy: Analyzing childcare
regulation in states. Doctoral dissertation.
Kampf, G., & Kramer, A. (2004). Epidemiologic background of hand hygiene and
evaluation of the most important agents for scrubs and rubs. Clinical
Microbiology Review, 17, 863-893.
Kampf, G., Ostermeyer, C., Heeg, P., & Paulson, D. (2006). Evaluation of two methods
of determining the efficacies of two alcohol-based hand rubs for surgical hand
antisepsis. Applied and Environmental Microbiology, 72(3), 856-861.

183

Keswick, H., Pickering, L. K., DuPont, H. L., & Woodward, W. E. (1983). Survival and
detection of rotaviruses on environmental surfaces in daycare centers. Applied
Environmental Microbiology, 46, 813-816.
Kotch, J. B., Kristen, A., Weigle, D. J., Weber, R. M., Clifford, T. O., Harms, F. A., Loda,
P. N., Gallagher, Jr., Robert, W. E., Danielle, L. B., McMurray, M. P., Pamela, S.
R., & Faircloth, A. H. (1994). Evaluation of a hygienic intervention in child daycare centers. Pediatrics, 94, 991-994.
Kotch, J.B., Isbell, P., Weber, D.J., Nguyen, V., Savage, E., Gunn, E., Skinner, M.,
Fowlkes, S., Virk, J., & Allen, J. (2007). Hand-washing and diapering equipment
reduces disease among children in out-of-home child-care centers. Pediatrics, 120,
e29-36.
Korich, D. G., Mead, J. R., Madore, M. S., Sinclair, N. A., & Sterling, C. R. (1990).
Effects of ozone, chlorine dioxide, chlorine, and monochloramine on
Cryptosporidium parvum oosyst viability. Applied Environmental Microbiology,
56(5), 1423-1428.
Krilov, L. R., Barone, S. R., Mandel, F. S., Cusack, T. M., Gaber, D. J., & Rubino, J. R.
(1996). Impact of an infection control program in a specialized preschool.
American Journal of Infection Control, 24, 167-173.
Kramer, A., Rudolph, P., Kampt, G., & Pittet, D. (2002). Limited efficacy of alcoholbased hand gels. The Lancet, 359(9316), 1489-1490.
Kretzer, E., & Larson, E. (1998). Behavioral interventions to improve infection control
practices. American Journal of Infection Control, 26, 245-253.
Laborde, D. J., Kristen, A., Weigle, D., Weber, J., & Kotch, J. B. (1993). Effect of fecal
contamination on diarrheal illness rates in day-care centers. American Journal of
Epidemiology, 138(4), 243-255.
Landis, S. E., & Chang, A. (1991). Child-care options for ill children. Pediatrics, 88(4),
705-718.
Lankford, M. G., Zembower, T. R., Trick, W. E., Hacek, D. M., Noskin, G. A., &
Peterson, L. R. (2003). Influence of role models and hospital design on hand
hygiene of health care workers. Emerging Infectious Diseases, 9(2), 217-223.
Larson, E. (1983). Compliance with isolation technique. American Journal of Infection
Control, 11, 221-225.

184

Larson, E. L., Hughes, C. A. N., Pyrak, J. D., Sparks, S. M., Cagatay, E. U., & Bartkus, J.
M. (1986). Changes in bacterial flora associated with skin damage on hands of
health care personnel. American Journal of Infection Control, 26, 513-21.
Larson, E., McGeer, A., Quraishi, Z. A., Krenzischek, D., Parsons, B. J., Holdford, J., &
Hierhozler, W. J. (1991). Effect of an automated sink on handwashing practices
and attitudes in high-risk units. Infection Control Hospital Epidemiology, 12, 422427.
Larson, E. L., Early, E., Cloonan, P., Sugrue, S., & Parides, M. (2010). An organizational
climate intervention associated with increase handwashing and decreased
nosocomial infections. Behavior Medicine, 26(1), 14-22.
Leclair, J. M., Freeman, J., Sullivan, B. F., Crowley, C. M., & Goldman, D. A. (1987).
Prevention of nosocomial respiratory syncytial virus infections through
compliance with glove and gown isolation precautions. New England Journal of
Medicine, 317, 329-334.
Lee, M. B., & Greig, J. D. (2008). A review of enteric outbreaks in child-care centers:
Effective infection control recommendations. Journal of Environmental Health,
71, 24-32.
Lee, L., Tin, S., & Kelley, S. T. (2007). Culture-independent analysis of bacterial
diversity in a child-care facility. BMC Microbiology, 7, 27-40.
Lemp, G. F., Woodward, W. E., Pickering, L. K., Sullivan, P. S., & DuPont, H. L. (1984).
The relationship of staff to the incidence of diarrhea in day-care centers.
American Journal of Epidemiology, 120(5), 750-758.
Lorgelly, P. K., Joshi, D., Gomara, M. I., Flood, C., Hughes, C. A., Dalrymple, J., Gary,
J., & Mugford, M. (2007). Infantile gastroenteritis in the community: A cost-ofillness study. Epidemiology Infection, 136, 34-43.
Lo, S. V., Connonlly, A. M., Palmer, S. R., Wright, D., Thomas, P. D., & Joynson, D.
(1994). The role of the pre-symptomatic food handler in a common source
outbreak of food-borne SRSV gastroenteritis in a group of hospitals.
Epidemiology & Infection, 113, 513-521.
Lu, N., Samuels, M., Baker, S., Glover, S., & Sanders, J. (2004). Child-care risks of
common infectious diseases revisited. Child-care, Health & Development, 30(4),
361-368.

185

Lues, J. F. R., & Van Tonder, I. (2007). The occurrence of indicator bacteria on hands
and aprons of food handlers in the delicatessen sections of a retail group. Food
Control, 18, 326-332.
Lyman, W. H., Walsh, J. F., Kotch, J. B., Weber, D. J., Gunn, E., & Vinje, J. (2009).
Prospective study of etiologic agents of acute gastroenteritis outbreaks in childcare centers. Journal of Pediatrics, 154, 253-7.
Lynda, L. (2010). Who’s minding the kids? Child-care arrangement: Spring
2005/summer 2006. Household Economic Studies, 8, 70-121.
Mackintosh, C. A., & Hoffman, P. N. (1984). An extended model for transfer of
microorganisms via the hands: Differences between organisms and the effect of
alcohol disinfection. Journal of Hygiene (London), 92, 345-55.
Manning, C., & Snider, S. (1993). Temporary public eating places: Food safety
knowledge, attitudes, and practices. Journal of Environment Health, 56, 24-28.
Mann, C. J. (2003). Observational research methods. Research design II: Cohort, cross
sectional, and case-control studies. Emergency Medicine Journal, 20, 54-60.
Marples, R. R., & Towers, A. G. (1979). A laboratory model for the investigation of
contact transfer of microorganisms. Journal of Hygiene (London), 82, 237-48.
Marshall, M. N. (1996). Sampling for qualitative research. Family Practice, 13(6), 522525.
Marriott, N. G., & Gravani, R. B. (2006). Principles of food sanitation (5th ed.). New
York, NY: Springer.
McCormick, M. C., Brooks-Gunn, J., Shapiro, S., Benasich, A. A., Black, G., & Gross, R.
T. (1991). Health care use among young children in day care. The Journal of the
American Medical Association, 265(17), 2212-2217.
McCall, B. J., Bell, R. J., Neill, A. S., Micalizzi, G. R., Vakaci, G. R., & Towner, C. D.
(2003). An outbreak of Salmonella Typhimurium phage type 135a in a child-care
center. Communicable Diseases Intelligence, 27, 257-259.
McFarland, N., Dryden, M., Ramsay, M., Tedder, R. S., & Ngui, S. L. (2011). An
outbreak of hepatitis A affecting a nursery school and a primary school.
Epidemiology and Infection, 139, 336-343.

186

Medeiros, L. C., Kendall, P., Hillers, V., Chen, G., & DiMascola, S. (2001).
Identification and classification of consumer food-handling behaviors for food
safety education. Journal of American Diet Association, 101, 1326-1339.
Mink, C. M., & Yeh, S. (2009). Infections in child-care facilities and schools. Pediatrics
in Review, 30(7), 259-268.
M’ikanatha, N. M., Gasink, L. B., Kunselman, A., Warren, K., & Lautenbach, E. (2010).
Child care center exclusion policies and directors’ opinions on the use of
antibiotics. Infection Control and Hospital Epidemiology, 31(4), 408-411.
Mohle-Boetani, J. C., Stapleton, M., Finger, R., Bean, N.H., Oundstone, J., Blake, P. A.,
& Griffin, P. M. (1995). Communitywide Shigellosis: Control of an outbreak and
risk factors in child day-care centers. American Journal of Public Health, 85, 812816.
Mortlock, M., Peters, A., & Griffith, C. (2000). A national survey of food hygiene
training and qualification levels in the UK food industry. International Journal of
Environmental Health Research, 10(2), 111-123.
Morrow, A. L., Townsend, I. T., & Pickering, L. K. (1991). Risk of enteric infection
associated with childcare. Pediatric Annals, 20(8), 427-433.
Morrissey, T. W. (2012). Multiple child care arrangements and common communicable
illnesses in children aged 3 to 54 months. Maternal and Child health Journal.
Retrieved from http://link.springer.com/article/10.1007/s10995-012-11255/fulltext.html
Mokgatla, R. M., Gouws, P. A., & Brozel, V. S. (2002). Mechanisms contributing to
hypochlorous acid resistance of a Salmonella isolate from a poultry-processing
plant. Journal of Applied Microbiology, 92(3), 566-573.
Moya, J., Bearer, C. F., & Etzel, R. A. (2004). Children’s behavior and physiology and
how it affects exposure to environmental contaminants. Pediatrics, 113(4), 9961006.
Mullis, A. K., Cornille, T. A., Mullis, R. L., & Taliano, K. (2003). Child-care center
directors’ perceptions of their work environments: A comparison of for-profit and
non-profit programs. Early Childhoood Development and Care, 173(5), 545-556.
National Association of Child-care Resource & Referral Agencies. (2011). Child-care in
America: 2011 fact sheet. Retrieved from
http://www.naccrra.org/sites/default/files/default_site_pages/2011/childcareinamericafacts_full_report-2011.pdf

187

National Association of Child-care Resource and Referral Agencies. (2009). Child-care
glossary. Retrieved from
http://www.childcareaware.org/en/tools/glossary/?filter=C
National Association for the Education of Young Children (NAEYC). (1997). Licensing
and public regulation of early childhood programs: A position statement.
Washington, DC: NAEYC. Retrieved from
http://www.naeyc.org/files/naeyc/file/positions/PSLIC98.PDF
National Child-Care Information and Technical Assistance Center, & the National
Association for Regulatory Administration. (2010). The 2008 child-care licensing
study. Retrieved from
http://www.naralicensing.drivehq.com/2008_Licensing_Study/1005_2008_Child
%20Care%20Licensing%20Study_Full_Report.pdf
National CACFP Forum. (2006). Using the Child Adult Care Food Program to support
quality in family child care homes. Retrieved from
http://www.metroccrr.org/PDF%20Files/AUG06-Op1.pdf
National Disease Surveillance Centre, Ireland. (2003). Vero cytotoxic-producing E. coli
VTEC O157 PT21/28 outbreak associated with a nursery. Epidemiology Insight,
4(1), 1-4.
National Institute of Child Health and Human Development (NICHD), & Early Childcare Research Network. (2003). Child-care and common communicable illnesses
in children aged 37 to 54 months. Archives of Pediatrics & Adolescent Medicine,
157, 196-200.
Nadel, F. M., Aronson, S. S., Giardino, A. P., Rivers, H., Requa, A., & Shaw, K. N.
(2010). Results of an observational study of childcare centers in Pennsylvania:
Varying approaches to health and safety. The Open Pediatric Medicine Journal, 4,
14-22.
Nevo, I., Fitzpatrick, M., Thomas, R-E., Gluck, P. A, Lenchus, J. D. DO., Arheart, K. L.,
& Birnbach, D. J. (2010). The efficacy of visual cues to improve hand hygiene
compliance. Empirical Investigations, 5(6), 325-331.
Nesti, M. M. M., & Goldbaum, M. (2007). Infectious diseases and daycare and preschool
education. Journal de Pediatria, 83(4), 299-312.
Niffenegger, J. P. (1997). Proper handwashing promotes wellness in childcare. Journal of
Pediatric Health Care, 11(1), 26-31.

188

North Carolina Department of Environment and Natural Resources (ENR), & Office of
Environmental Health Services (DEH). (2007). 15A NCAC18A. 2800. Retrieved
from http://nrckids.org/STATES/NC/nc_2800.pdf
North Carolina Department of Health and Human Services. (2003). North Carolina
Child-care Laws and Rules. Retrieved from
http://ncchildcare.dhhs.state.nc.us/pdf_forms/law_summary_11_00.pdf
O’Boyle, C. A., Henly, S. J., & Larson, E. (2001). Understanding adherence to hand
hygiene recommendations: The theory of planned behavior. American Journal of
Infection Control, 29, 352-360.
Obiesie, N., Flahart, R., Hansen, G., Sexton, J., Pursell, C., Sugg, T. J., Thoroughman, D.
A., Humbaugh, K. E., Zhu, B. P., Hinkle, C. J., Rudroff, J. A., Khan, F., Gladbach,
S., Mintz, E., Bowen, A., Nguyen, T., Joyce, K., Omondi, M., Jennings, D.,
Arvelo, W., Tarkhashvili, N., Weiser, T., & Huang, A. (2006). Outbreaks of
multidrug-resistant Shigella sonnei gastroenteritis associated with daycare centers
– Kansas, Kentucky, and Missouri, 2005. Morbidity and Mortality Weekly Report,
55, 1068-1071.
Osterholm, M. T., Reves, R. R., Murph, J. R., & Pickering, L. K. (1992). Infectious
diseases and childcare. Pediatric Infectious Diseases Journal, 11, S31-S41.
Olsen, R. J., Lynch, P., Coyle, M. B., Cummings, J., Bokete, T., & Stamm, W. E. (1993).
Examination gloves as barriers to hand contamination in clinical practice. Journal
of American Medical Association, 270, 350-353.
Olaitan, J. O., & Adeleke, O. E. (2007). Bacteria in day care environment. The Internet
Journal of Microbiology, 3(1), 1-5.
Otter, J. A., & French, G. L. (2009). Bacterial contamination on touch surfaces in the
public transport system and in public areas of a hospital in London. Letters in
Applied Microbiology, 49, 803-805.
Montana State University Pesticide Safety Education Program. (2006). Pesticide glossary.
Retrieved from http://www.pesticides.montana.edu/Glossary.htm
Petersen, N. J., & Bressler, G. K. (1986). Design and modification of the day care
environment. Review of Infectious Diseases, 8(4), 618-621.
Plotkin, S. A., & Katz, M. (1967). Transmission of viruses by the water route. New York,
NY: John Wiley & Sons.

189

Pichichero, M. E., McLinn, S., Rotbart, H. A., Menegus, M. A., Cascino, M., &
Reidenberg, D. E. (1998). Clinical and economic impact of enterovirus illness in
private pediatric practice. Pediatrics, 102 (5), 1126 – 9.
Pickering, L. K. (1986). The daycare center diarrhea dilemma. American Journal of
Public Health, 76(6), 623-624.
Pittet, D., Mourouga, P., Perneger, T. V., & Members of the Infection Control Program.
(1999). Compliance with hand washing in a teaching hospital. Annual
International Medicine, 130, 126-30.
Pittet, D., Hugonnet, S., Harbarth, S., Mourouga, P., Sauvan, V., Touveneau, S., Perneger,
T. V., & members of the Infection Control Programme. (2000). Effectiveness of a
hospital-wide programme to improve compliance with hand hygiene. Lancet, 356,
1307-1312.
Pittet, D., Simon, A., Hugonet, S., Pessoa-Silva, C. L., Sauvan, V., & Perneger, T. V.
(2004). Hand hygiene among physicians: Performance, beliefs, and perceptions.
Annals of Internal Medicine, 141, 1-8.
Pittet, D., Allegranzi, B., Sax, H., Dharan, S., Pessoa-Silva, C. L., Donaldson, L., Boyce,
J. M., WHO Global Patient Challenge, & World Allience for Patient Safety.
(2006). Evidence-based model for hand transmission during patient care and the
role of improved practices. Lancet Infectious Diseases, 6, 641-652.
Pollard, C. M., Lewis, J. M., & Miller, M. R. (1999). Food service in long day care
centers – an opportunity for public health intervention. Australian and New
Zealand Journal of Public Health, 23, 606-610.
Ponka, A., Poussa, T., & Laosmaa, M. (2004). The effect of enhanced hygiene practices
on absences due to infectious diseases among children in daycare centers in
Helsinki. Infection, 32(1), 2-7.
Raffaelli, R. M., Paladini, M., Hanson, H., Kornstein L., Aqasan A., Slavinski, S., Weiss,
D., Fennelly, G. J., & Flynn, J. T. (2007). Childcare-associated outbreak of
Escherichia coli O157:H7 and hemolytic uremic syndrome. The Pediatric
Infectious Disease Journal, 26(10), 951-953.
Rahouma, A., Elghamoudi, A., Nashnoush, H., Belhaj, K., Tawil, K., & Ghenghesh, K. S.
(2010). Isolation of antibiotic-resistant pathogenic and potentially pathogenic
bacteria from carpets of mosques in Tripoli, Libya. Libyan Journal of Medicine, 5,
5536-5539.

190

Rheinbaben, F. V., Schunemann, S., Groβ, T., & Wolff, M. H. (2000). Transmission of
viruses via contact in a household setting: experiments using bacteriophage φ
X174 as a model virus. Journal of Hospital Infection, 46, 61-66.
Redmond, E. C., & Griffith, C. J. (2003). A comparison and evaluation of research
methods used in consumer food safety studies. International Journal of Consumer
Studies, 27(1), 17-33.
Redmond, E. C., Griffith, C. J., Slader, J., & Humphrey, T. J. (2004). Microbiological
and observational analysis of cross contamination risks during domestic food
preparation. British Food Journal, 106(8), 581-97.
Reichler, M. R., Allphin, A. A., Breiman, R. F., Schreiber, J. R., Arnold, J. E., McDougal,
L. K., Facklam, R. R., Boxerbaum, B., May, D., & Walton, R. O. (1992). The
spread of multiply resistant Streptococcus pneumoniae at a day care center in
Ohio. Journal of Infectious Disease, 166(6), 1346-53.
Repp, K. K., & Keene, W. E. (2012). A point-source norovirus outbreak caused by
exposure to fomites. Journal of Infectious Disease, 205, 1639-41.
Rhode Island Department of Children, Youth and Families. (2012). Child daycare center
regulations for licensure. Licensing unit. Retrieved from
http://www.dcyf.ri.gov/docs/center_regs.pdf
Rice, D. H., Hancock, D. D., Roozen, P. M., Szymanski, M. H.,Scheenstra, B. C., Cady,
K. M., Besser, T. E., & Chudek, P. A. (2003). Household contamination with
Salmonella enterica. Emerging Infectious Diseases, 9(1), 120-122.
Richter, F., & Cords, B. (1999). Disinfection, sterilization and preservation (5th ed.).
Philadelphia, PA: Lippincott Williams.
Roberts, L., Jorm, L., Patel, M., Smith, W., Douglas, R. M., & McGilchrist, C. (2000).
Effect of infection control measures on the frequency of diarrheal episodes in
childcare: A randomized, controlled trial. Pediatrics, 105, 743-746.
Roberts, J. W., Wallace, L. A., Camann, D. E., Dickey, P., Gilbert, S. G., Lewis, R. G., &
Takaro, T. K. (2009). Monitoring and reducing exposure of infants to pollutants in
house dust. Reviews of Environmental Contamination and Toxicology, 201, 1-35.
Roethlisberger, F. J., & Dickson, W. J. (1939). Management and the worker: An account
of a research program conducted by Western Electric Company, Hawthorne
Works, Chicago. Cambridge, MA: Harvard University Press.

191

Rosenfeldt, V., Vesikari, T., Pang, X. L., Zeng, S. Q., Tvede, M., & Paerragaard, A.
(2005). Viral etiology and incidence of acute gastroenteritis in young children
attending day-care centers. The Pediatric Infectious Disease Journal, 24, 962-965.
Rosenstock, I. M. (1974). Historical origins of the health belief model. Health Education
Monographs, 2, 328-335.
Rosen, L., Zucker, D., Brody, D., Engelhard, D., & Manor, O. (2009). The effect of a
handwashing intervention on preschool educator beliefs, attitudes, knowledge and
self-efficacy. Health Education Research, 24(4), 686-698.
Rusin, P., Maxwell, S., & Gerba, C. (2002). Comparative surface-to-hand and fingertipto-mouth transfer efficiency of gram-positive bacteria, gram-negative bacteria,
and phage. Journal of Applied Microbiology, 93, 585-592.
Rusby, J. C. (2002). Training needs and challenges of family childcare providers.
Children and Youth Care Forum, 31(5), 281-293.
Sadetzki, S., Rostmi, N., & Modan, B. (1999). Hepatitis A outbreak originating in a
daycare center: A community case report. European Journal of Epidemiology, 15,
549-551.
Sandora, T. J., Elsie, M. T., Shih, M. C., Resnick, E. A., Lee, G. M., Ross-Degnan, D., &
Goldmann, D. A. (2005). A randomize, controlled trial of a multifaceted
intervention including alcohol-based hand sanitizer and hand-hygiene education
to reduce illness transmission in the home. Pediatrics, 116, 587-594.
Sangster, J., Cooke, L., & Eccleston, P. (2004). ‘What’s to Eat?’ Nutrition and food
safety needs in out-of-school hours care. Nutrition & Dietetics, 61(3), 172-176.
Sattar, S. A., Springthorpe, S., Mani, S., Gallant, N., Nair, R. C., Scott, E., & Kain, J.
(2001). Transfer of bacteria from fabrics to hands: development and application of
a quantitative method using Staphylococcus aureus as a model. Journal of
Applied Microbiology, 90, 962-70.
Scallan, E., Hoekstra, R. M., Angulo, F. J., Tauxe, R.V., Widdowson, R-A., Roy, S.L., &
Griffin, P.M. (2011). Foodborne illness acquired in the United States — major
pathogens. Emerging Infectious Disease, 17, 7-15.
Scott, E., & Bloomfield, S. F. (1990). The survival and transfer of microbial
contamination via cloths, hands, and utensils. Journal of Applied Microbiology,
68(3), 271-278.

192

Silva, A.M., Leite, E.G., Assis, R.M., Majerowicz, S., & Leite, J. P. (2001). An outbreak
of gastroenteritis associated with astrovirus serotype 1 in a daycare center, in Rio
de Janeiro, Brazil. Memórias do Instituto Oswaldo Cruz, 6, 1069-1073.
Slack-Smith, L. M., Read, A. W., Darby, J., & Stanley, F. J. (2005). Health of caregivers
in childcare. Child: Care, Health and Development, 32, 111-119.
Smerud, H. K., Kleiveland, C. R., Mosland, A. R., Grave, G., & Birkeland, S-E. (2008).
Effect of a probiotic milk product on gastrointestinal and respiratory infections in
children attending day-care. Microbial Ecology in Health and Disease, 20, 80-85.
Smith, S. J., Young, V., Robertson, C., & Dancer, S. J. (2012). Where do hands go? An
audit of sequential hand-touch events on a hospital ward. Journal of Hospital
Infection, 80, 206-211.
South Carolina Department of Social Services. (2006). Child Care Licensing and
Regulatory Services Operating Manual. Retrieved from
http://www.state.sc.us/dss/cdclrs/manual/06.pdf
Soto, J. C., Guy, M., & Belanger, L. (1994). Science, prevention and practice II:
Preventing infectious diseases, abstracts on handwashing and infection control in
day-care centers. Pediatrics, 94, 1030-1038.
Staskel, D. M., Briley, M. E., Field, L. H., & Barth, S. S. (2007). Microbial evaluation of
food service surfaces in Texas child-care centers. Journal of American Dietetic
Association, 107, 854-859.
Staskel, D. M., Briley, M. E., & Curtis, S. R. (2007). Food safety knowledge and
behaviors of cooks in Texas child-care centers. Food Protection Trends, 27(2),
90-94.
Starr, S. A. (1996). Breaking the Chain: Handwashing and Infection Control. Early
Childhood News, 8(3), 29-31.
St. Sauver, J., Khurana, M., Kao, A., & Foxman, B. (1998). Hygienic practices and acute
respiratory illness in family and group day care homes. Public Health Reports,
113(6), 544-551.
Sullivan, P., Woodward, W.E., Pickering, L.K., & DuPont, H.L. (1984). Longitudinal
study of occurrence of diarrheal disease in day care centers. American Journal of
Public Health, 74, 987-991.
Suspiro, A., & Menezes, L. (1996). An outbreak of shigellosis in a child-care institution
in Queluz, Portugal—1995. Eurosurveillance, 1(1), 5-7.

193

Taylor, M., Adams, C. L., & Ellis, A. (2008). Gatekeepers of health: A qualitative
assessment of child care centre staff’s perspectives, practices and challenges to
enteric illness prevention and management in child care centres. BMC Public
Health, 8, 212-223.
The Children’s Defense Fund. (2008). State of America's Children 2008 Report.
Retrieved from http://www.childrensdefense.org/child-research-datapublications/data/state-of-americas-children-2008-report.pdf
Thacker, S. B., Addiss, D. G., Goodman, R. A., Holloway, B. R., & Spencer, H. C.
(1992). Infectious diseases and injuries in child day care- opportunities for
healthier children. The Journal of the American Medical Association, 268(13),
1720-1726.
Thomas, G., Polgreen, P., Herman, T., Sharma, D., Johns, B., Chen, H., Scranton, G.,
Naylor, D., Ireland, M., McCarty, T., Decker, T., & Segre, A. (2011). Improving
patient safety with hand hygiene compliance monitoring. Proceedings of the
Human Factors and Ergonomics Society Annual Meeting, 55, 823-827.
Thompson, S. C. (1994). Infectious diarrhea in children: controlling transmission in the
child-care setting. Journal of Pediatric Child Health, 30, 210-219.
Todd, E. C. D, Greig, J. D., Bartleson, C. A., & Michaels, B. S. (2007). Outbreaks where
food workers have been implicated in the spread of foodborne disease. Part 3.
Factors contributing to outbreaks and description of outbreak categories. Journal
of Food Protection, 70(9), 2199-2217.
Todd, E. C. D, Greig, J. D., Bartleson, C. A., & Michaels, B. S. (2009). Outbreaks where
food workers have been implicated in the spread of foodborne disease. Part 6.
Transmission and survival of pathogens in the food processing and preparation
environment. Journal of Food Protection, 72, 202-219.
Traore, O., Hugonnet, S., Lubbe, J., Griffiths, W., & Pittet, D. (2007). Liquid versus gel
handrub formulations: A prospective intervention study. Critical Care, 11(3),
R52-60.
Turabelidze, G., Lin, M., Weiser, T., & Zhu, B. P. (2007). Communitywide outbreak of
cryptosporidiosis in rural Missouri associated with attendance at child-care
centers. Archives of Pediatrics & Adolescent Medicine, 161(9), 878-883.
Tuladhar, E., Hazeleger, W. C., Koopmans, M., Zwietering, M. H., Beumer, R. R., &
Duizer, E. (2012). Residual viral and bacterial contamination of surfaces after
cleaning and disinfection. Applied and Environmental Microbiology, 78(21),
7769-7775.

194

Tulve, N. S., Suggs, J. C., McCurdy, T., Hubal, E. A. C., & Moya, J. (2002). Frequency
of mouthing behavior in young children. Journal of Exposure Analysis and
Environmental Epidemiology, 12, 259-264.
Uhari, M., & Mottonen, M. (1999). An open randomized controlled trial of infection
prevention in child daycare centers. Pediatric Infectious Disease Journal, 18(8),
672-677.
U.S. Bureau of Labor Statistics. (2009). Child-care Services. Retrieved from
http://www.bls.gov/oco/cg/cgs032.htm
U.S. Bureau of Labor Statistics. (2009). Women in the labor force: A databook. Retrieved
from http://www.bls.gov/cps/wlf-databook-2009.pdf
U.S. Department of Agriculture (USDA), & Food Safety and Inspection Service. (2000).
Keeping kids safe: A guide for safe handling and sanitation, for child-care
providers. Washington, DC: U.S. Department of Agriculture. Retrieved from
http://teamnutrition.usda.gov/resources/ appendj.pdf.
U.S. Department of Health and Human Services. (2009). Code of Federal Regulations,
Title 45, Part 46. Retrieved from
http://www.hhs.gov/ohrp/humansubjects/guidance/45cfr46.html
U.S. Environmental Protection Agency. (1999). Alternative disinfectants and oxidants
guidance manual. EPA 815-R-99-014. Washington, DC: EPA Office of Water.
Retrieved from
http://www.epa.gov/OGWDW/mdbp/alternative_disinfectants_guidance.pdf.
U.S. Environmental Protection Agency. (2004). Antimicrobial pesticide products –
Pesticides: Topical & chemical fact sheets. Retrieved from
http://www.epa.gov/opp00001/factsheets/anitimic.htm
U.S. Food and Drug Administration. (2009). Management and personnel. In: Food Code:
2009 Recommendations of the United States Public Health Service Food and
Drug Administration. College Park, MD: U.S. Department of Health and Human
Service, Public Health Service, and Food and Drug Administration. Retrieved
from
http://www.fda.gov/Food/FoodSafety/RetailFoodProtection/FoodCode/FoodCode
2009/ucm181242.htm#part2-2

195

U.S. Food and Drug Administration. (2012). Bad bug book. College Park, MD: the
Center for Food Safety and Applied Nutrition, of the Food and Drug
Administration (FDA), and U.S. Department of Health and Human Services.
Retrieved from
http://www.fda.gov/downloads/Food/FoodSafety/FoodborneIllness/FoodborneIlln
essFoodbornePathogensNaturalToxins/BadBugBook/UCM297627.pdf
U.S. Occupational Safety and Health Administration. (2008). Noroviruses factsheet.
Retrieved from http://www.osha.gov/Publications/norovirus-factsheet.pdf
Van, R., Marrow, A. L., Reves, R. R., & Pickering, L. K. (1991). Environmental
contamination in child day-care centers. American Journal of Epidemiology,
133(5), 460-470.
Vasoo, S., Singh, K., Hsu, L. Y., Chiew, Y. F., Chow, C., Lin, R. T. P., & Tambyah, P. A.
(2011). Increasing antibiotic resistance in Streptococcus pneumonia colonizing
children attending day-care centres in Singapore. Respirology, 16, 1241-1248.
Venczel, L. V., Desai, M. M., Vertz, P. D., England, B., Hutin, Y. J. F., Shapiro, C. N., &
Bell, B. P. (2001). The role of child-care in a community-wide outbreak of
hepatitis A. Pediatrics, 108, 78-83.
Vuorio, R, Andersson, M. A., Rainey, F. A., Kroppenstedt, R. M., Kämpfer, P., Busse, H.
J., Viljanen, M., & Salkinoja-Salonen, M. (1999). A new rapidly growing
mycobacterial species, Mycobacterium murale sp. nov., isolated from the indoor
walls of a children's daycare centre. International Journal of Systematic
Bacteriology, 49, 25-35.
Ward, D., Hales, D., Haverly, K., Marks, J., Benjamin, S., Ball, S., & Trost, S. (2008).
An instrument to assess the obesogenic environment of child-care centers.
American Journal of Health Behavior, 32(4), 380-386.
Wahl, E., Vold, L., Lindstedt, B. A., Bruheim, T., & Afset, J. E. (2011). Investigation of
an Escherichia coli O145 outbreak in a child-care center – extensive sampling and
characterization of eae- and stx1- positivie yields epidemiological and
socioeconomic insight. BMC Infectious Diseases, 11, 238-250.
Wallerstein, N., & Weinger, M. (1992). Health and safety education for worker
empowerment. American Journal of Industrial Medicine, 22, 619-635.
Whitby, M., & McLaws, M. L. (2004). Handwashing in healthcare workers:
Accessibility of sink location does not improve compliance. Journal of Hospital
Infection, 58, 247-253.

196

Widdowson, M-A., Meltzer, M., Zhang, X., Bresee, J. S., Parashar, U. D., & Glass, R. I.
(2007). Cost-effectiveness and potential impact of Rotavirus vaccination in the
United States. Pediatrics, 119(4), 684-697.
Wilde, J., Rory, V., Pickering, L. K., Eiden, J., & Yolken, R. (1992). Detection of
Rotaviruses in the day care environment by reverse transcriptase polymerase
chain reaction. The Journal of Infectious Diseases, 166, 507-511.
Williams, L. D., Hamilton, P. S, Wilson, B. W., & Estock, M. D. (1997). An outbreak of
Escherichia coli O157:H7 involving long term shedding and person-to-person
transmission in a child-care center. Journal of Environmental Health, 59, 9-14.
Worsfold, D., & Griffith, C. (1997). Food Safety behavior in the home. British Food
Journal, 99(3), 97-104.
Yalcln, S. S., Tugrul, B., Cetinkaya, S., Cakir, B., & Yilmaz, A. (2004). Effect of total
attending period on infection episode rate in a child-care center. Pediatrics
International, 46, 555-560.
Yepiz-Gomez, M. S., Bright, K. R., & Gerba, C. P. (2006). Identity and numbers of
bacteria present on tabletops and in dishcloths used to wipe down tabletops in
public restaurants and bars. Food Protection Trends, 26, 786-792.
Younus, M., Wilkins, M. J., Davies, H. D., Rahbar, M. H., Funk, J., Nguyen, C., Siddiqi,
A-E., A., Cho, S., & Saeed, M. (2010). Case-control study of disease determinants
for non-typhoidal Salmonella infections among Michigan children. BMC
Research Notes, 3, 105-114.

197

APPENDICES

198

199

Department:

E-mail:

Campus address:

Phone:
Fax:

4.

Co-Investigator(s): Co-Investigators must have completed IRB-approved human
research protections training. Training will be verified by IRB staff before approval
is granted. Training instructions available here. CITI training site available here.
Name:
E-mail:
Department:
Phone:
Faculty
Staff

Graduate student
Undergraduate student

Name:
Department:
Faculty
Staff
5.

Other. Please
specify.
E-mail:
Phone:

Graduate student
Undergraduate student

Other. Please
specify.

Additional Research Team Members: All research team members must have
completed IRB-approved human research protections training. Training will be
verified by IRB staff before approval is granted. Training instructions available
here. CITI training site available here.
List of additional research team members included. Form available here.

6. Research Team Roles: Describe the role of each member of the research team

(everyone included in Items 3, 4 and 5), indicating which research activities will be
carried out by each particular member. Team members may be grouped into
categories.
Description:
7. Study Purpose: In non-technical terms, provide a brief description of the purpose of

the study. Upon conclusion of the study, how will you share your results (e.g.,
academic publication, evaluation report to funder, conference presentation)?
Description:
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8. Anticipated Dates of Research:

Anticipated start date (may not be prior to IRB approval; may be “upon IRB
approval”):
Anticipated completion date (Please include time needed for analysis of individually
identifiable data):

9. Funding Source: Please check all that apply.
Submitted for internal funding
Internally funded
Submitted for external funding
Funding source, if applicable (Do not use initials):
Proposal number (PPN) for the Office of Sponsored Programs:
Name of PI on Funding Proposal:
Externally funded
Funding source, if applicable (Do not use initials):
Proposal number (PPN) for the Office of Sponsored Programs:
Name of PI on Funding Proposal:
Intend to seek funding From whom?
Not funded
10. Support provided by Creative Inquiry Initiative:

Yes

No

11. Other IRB Approvals:
Has this research study been presented to any other IRB?
Where?

Yes

No

When?

If yes, what was their decision?

Approved

Disapproved

Pending

Please attach a copy of any submissions, approvals, or disapprovals from other IRBs.

12.
Level of Risk: Does this project include any procedures that present more than
minimal risk to the participants? (A project is considered to present minimal risk if the
probability and magnitude of harm or discomfort anticipated in the research are
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not greater than those ordinarily encountered in daily life or during the performance of
routine physical or psychological examinations.)
Yes
No
If your study presents no more than minimal risk to participants, your study may be
eligible for expedited review.

13. Expedited Review Categories: The Federal Code [45 CFR 46.110] permits research
activities in the following seven categories to undergo expedited review. Please check
the relevant expedited category / categories.

Categories of Research that May Be Reviewed by the
Institutional Review Board (IRB) through an Expedited Review Procedure

1. Clinical studies of drugs and medical devices only when condition (a) or
(b) is met:
a. Research on drugs for which an investigational new drug application is
not required. (Note: Research on marketed drugs that significantly
increase the risks or decrease the acceptability of the risks associated
with the use of the product is not eligible for expedited review.)
b. Research on medical devices for which 1) an investigational device
exemption application is not required or 2) the medical device is
cleared or approved for marketing and the medical device is being
used in accordance with its cleared/approved labeling.

2. Collection of blood samples by finger stick, heel stick, ear stick, or
venipuncture as follows:
a. From healthy, non-pregnant adults, who weigh at least 110 pounds.
For these subjects, the amounts drawn may not exceed 550 ml. in an
eight week period and collection may not occur more than two times
per week; OR
b. From other adults and children, considering the age, weight, and health
of the subjects, the collection procedure, the amount of blood to be
collected, and the frequency with which it will be collected. For these
subjects, the amount may not exceed the lesser of 50 ml. or 3 ml. per
kg. in an eight-week period, and collection may not occur more than
two times per week.

3. Prospective collection of biological specimens for research purposes by
non-invasive means.
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non-invasive means.
Examples:
a. hair and nail clippings in a non-disfiguring manner;
b. deciduous teeth at time of exfoliation or if routine patient care indicates need for
extraction;
c. permanent teeth if routine patient care indicates need for extraction;
d. excreta and external secretions (including sweat);
e. uncannulated saliva collected either in an unstimulated fashion or stimulated by
chewing gum base or wax or by applying a dilute citric solution to the tongue;
f. placenta removed at delivery;
g. amniotic fluid obtained at the time of rupture of the membrane prior to or during
labor;
h. supra- and subgingival dental plaque and calculus, provided the collection
procedure is not more invasive than routine scaling of the teeth and the process is
accomplished in accordance with accepted prophylactic techniques;
i. mucosal and skin cells collected by buccal scraping or swab, skin swab, or mouth
washings;
j. sputum collected after saline mist nebulization.
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4. Collection of data through non-invasive procedures (not involving general
anesthesia or sedation) routinely employed in clinical practice, excluding
procedures involving x-rays or microwaves. Where medical devices are
employed, they must be cleared/approved for marketing. (Studies intended
to evaluate the safety and effectiveness of the medical device are not
generally eligible for expedited review, including studies of cleared
medical devices for new indications.)
Examples:
a. physical sensors that are applied either to the surface of the body or at
a distance and do not involve input of significant amounts of energy
into the subject or an invasion of the subject’s privacy;
b. weighing or testing sensory acuity;
c. magnetic resonance imaging;
d. electrocardiography, electroencephalography, thermography, detection
of naturally occurring radioactivity, electroretinography, ultrasound,
diagnostic infrared imaging, Doppler blood flow and
echocardiography,
e. moderate exercise, muscular strength testing, body composition
assessment, and flexibility testing when appropriate given the age,
weight, and health of the individual.

5. Research involving materials (data, documents, records, or specimens)
that have been collected or will be collected solely for non-research
purposes (such as medical treatment or diagnoses).

6. Collection of data from voice, video, digital, or image recordings made for
research purposes.

7. Research on individual or group characteristics, behavior (including, but
not limited to, research on perception, cognition, motivation, identity,
language, communication, cultural beliefs or practices, and social
behavior), or research employing survey, interview, oral history, focus
group, program evaluation, human factors evaluation, or quality assurance
methodologies.
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14. Study Sample: (Groups specifically targeted for study)
Describe the participants you plan to recruit and the criteria used in the selection
process. Indicate if there are any special inclusion or exclusion criteria.
Description:
Age range of participants:

Projected number of participants:

Employees

Students

Minors (under 18) *

Pregnant women *

Prisoners *

Minors who are wards of the state, or
any other agency, institution, or entity
*

Other–specify:

Educationally / economically
disadvantaged *
Fetuses / neonates *
Persons incompetent to give
valid consent *
military personnel

*State necessity for using this type of participant:

15. Study Locations:
Clemson University

Other University / College

School System / Individual Schools

Other – specify

You may need to obtain permission if participants will be recruited or data will be
obtained through schools, employers, or community organizations. Are you required
to obtain permission to gain access to people or to access data that are not publicly
available? If yes, provide a research site letter from a person authorized to give you
access to the participants or to the data. Guidance regarding Research Site Letters is
available here.
Research Site Letter(s) not required.
Research Site Letter(s) attached.
Research Site Letter(s) pending and will be provided when obtained.

16. Recruitment Method:
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Describe how research participants will be recruited in the study. How will you
contact them? Attach a copy of any material you will use to recruit participants
(e.g., advertisements, flyers, telephone scripts, verbal recruitment, cover letters,
or follow-up reminders).
Description:

17. Participant Incentives:
a. Will you pay participants?
Amount: $

Yes

No

When will money be paid?:

b. Will you give participants incentives / gifts / reimbursements?

Yes

No

Describe incentives / gifts / reimbursements:
Value of incentives / gifts / reimbursements: $
When will incentives / gifts / reimbursements be given?:
c. Will participants receive course credit or extra credit?

Yes

No

If course credit or extra credit is offered to participants, is an equivalent
alternative to research participation provided?
Yes
No

18. Informed Consent:
Yes
a. Do you plan to obtain informed consent from your research subjects?
No
If no, you will need to request a waiver of informed consent. See chart below.
For what groups will you need this waiver of informed consent?
for all participants
for some participants (describe for which
participants):
Please explain the need for the waiver.
As provided in 45 CFR 46.116(c), an IRB may waive the requirement for the
investigator to obtain informed consent from research subjects if it finds that
all of the following criteria are met. Please explain how your study meets each
of the criteria below:
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Criteria for Waiver of Consent

How is this criterion met within
this study?

The research involves no more than
minimal risk to subjects.
The waiver will not adversely affect
the rights and welfare of the subjects.
The research could not be carried out
practicably without the waiver.
Whenever appropriate, the subjects
will be provided with additional
pertinent information after they have
participated in the study.
a. If you will obtain consent from your participants, please submit all applicable
Informed Consent documents with application (e.g., adult consent forms, parental
permission forms, minor assent forms, informational letters, verbal consent
scripts).
b. Consent Document Templates
Who will obtain the participants’ consent? Check all that apply:
Investigator
Co-Investigator
Firm:

Research Assistants

Principal

Contracted/Hired Data Collection

Other:
c. Will you use concealment or deception in this study?
Yes
No
If yes, please see guidance regarding Research Involving Deception or
Concealment here, submit a copy of the debriefing statement / plan you will
use, and request a waiver of some required elements of consent below (see
18e).
d. Will you collect participants’ signatures on all consent documents?
Yes
No
If no, you will need a waiver of documentation (signature). See questions
below.
For what groups will you need this waiver of documentation?
for all participants
for some participants (describe for which
participants):
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As provided in 45 CFR 46.117(c), an IRB may waive the requirement for the
investigator to obtain a signed consent form for some or all subjects if it finds
that either of the following sets of criteria are met. Please indicate under
which criteria you would like to request a waiver of documentation for this
research study:
That the research presents no more than minimal risk of harm to
subjects and involves no procedure for which written consent is
normally required outside of the research context.
That the only record linking the subject and the research would be the
consent document and the principal risk would be potential harm
resulting from a breach of confidentiality. If the subject wants
documentation linking the subject with the research, the subject’s
wishes will govern.
a. Do you plan to use all of the required elements in the consent form (see list
Yes
No
below)?
If no, you will need to request a waiver of some required elements. See chart
below.
For what groups will you need this waiver of some required elements?
for all participants
for some participants (describe for which
participants):
Please explain the need for the waiver request.
A list of all required elements is given below. Please indicate which of these
elements you would like to have waived. (In the case of a study involving
deception or concealment, the IRB must waive the requirement to use all
elements that are not truthfully presented in the initial consent document.)
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List of Elements of Informed Consent
participation involves research
purposes of the research
duration of participation
procedures to be followed
identification of experimental
procedures
foreseeable risks / discomforts
benefits to subjects or others

maintenance of
confidentiality
for more than minimal risk
research, compensation /
treatment available in case of
injury
voluntariness of participation
no penalty for refusal to
participate
may discontinue
participation without penalty
contact for questions about
research
contact for questions about
participants’ rights

As provided in 45 CFR 46.116(c), an IRB may waive the requirement for the
investigator to present all required elements to subjects if it finds that all of the
following criteria are met. Please explain how your study meets each of the
criteria below:
Criteria for Waiver of Elements of
Consent
The research involves no more than
minimal risk to subjects.
The waiver will not adversely affect
the rights and welfare of the subjects.
The research could not be carried out
practicably without the waiver.
Whenever appropriate, the subjects
will be provided with additional
pertinent information after they have
participated in the study.

How is this criterion met within
this study?

19. Procedures:
a. What data will you collect?
b. How will you obtain the data (e.g., surveys, interviews, focus groups) ?
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c. If data collection tools will be used, how much time will it take to complete
these tools?
d. How many data collection sessions will be required? Will this include
follow-up sessions?
e. How will you collect data?
in-person contact
telephone
snail mail
email
website
other, describe
Include copies of surveys, interview questions, data collections tools and
debriefing statements. If survey or interview questions have not been fully
developed, provide information on the types of questions to be asked, or a
description of the parameters of the survey / interview. Please note: finalized
survey or interview instruments will need to be reviewed and approved by
amendment, before implementation.
Yes
No
a. Will you audio record participants?
Yes
No
b. Will you video record participants?
c. Will you photograph participants?
Yes
No
If you will audio or video record or take identifiable photographs of
participants, please consult the IRB’s Guidance on the Use of Audio / Video
Recording and Photography here. Please include all the information
addressed by this guidance document in the application and, where
appropriate, in the consent document(s).

20. Protection of Confidentiality: Describe the security measures you will take to
protect the confidentiality of the information obtained. Will participants be
identifiable either by name or through demographic data? If yes, how will you protect
the identity of the participants and their responses? Where will the data be stored and
how will it be secured? Who will have access to the data? How will identifiers be
maintained or destroyed after the study is completed?
Description:

21. Risk / Benefit Analysis:
Describe all potential risks (before protective measures are put into place) and benefits
for this study. Risks can include physical, psychological, social, legal or
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a. other risks connected with the proposed procedures. Benefits can include benefits
to the participant or to society in general.
Description:
b. Describe the procedures to be used to protect against or minimize potential risks.
Assess the likely effectiveness of these procedures.
Description:

22. Agreement, Statement of Assurance, and Conflict of Interest Statement by the
PI:
I have reviewed this research protocol and the consent form, if applicable. I have also
evaluated the scientific merit and potential value of the proposed research study, as
well as the plan for protecting human participants. I have read the Terms of
Assurance held by Clemson University and commit to abiding by the provisions of
the Assurance and the determinations of the IRB. I request approval of this research
study by the IRB of Clemson University.
I understand that failure to adhere to any of these guidelines may result in immediate
termination of the research. I also understand that approval of this research study is
contingent upon my agreement to:
1. Report to the IRB any adverse events, research-related injuries or unexpected

problems affecting the rights or safety of research participants (All such
occurrences must be reported to the IRB within three (3) working days.);
2. Submit in writing for IRB approval any proposed revisions or amendments to
this research study;
3. Submit timely continuing review reports of this research as requested by the
IRB; and
4. Notify the IRB upon completion of this research study.
Conflict of Interest Statement:
Could the results of the study provide an actual or potential financial gain to
you, a member of your family, or any of the co-investigators, or give the
appearance of a potential conflict of interest?
No.
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Yes. I agree to disclose any actual or potential conflict of interest prior to
IRB action on this study.

_____________________________________________
________________________
Signature of Principal Investigator

Date

23. Statement of Assurance by Department Chair (or supervisor if PI is Department
Chair):
I have reviewed this research protocol and the consent form, if applicable. I verify
this proposed research study has received approval in accordance with department
procedures. I have evaluated the plan for protecting human participants. I have read
the Terms of Assurance held by Clemson University and commit to abiding by the
provisions of the Assurance and the determinations of the IRB. I request approval of
this research study by the IRB of Clemson University.

Department Chair or supervisor if PI is Department Chair (Printed Name)

________________________________

________________________

Signature of Department Chair

Date

Submission Instructions:
Expedited applications are processed as received. There is no deadline for submitting
expedited applications for review. Please allow three weeks for processing.

Full applications are accepted according to the schedule given here. Researchers are
encouraged to attend the meeting at which their protocol will be reviewed, in order to be
available to answer any questions IRB members might have about the protocol.
Please submit this application and all associated documents electronically to the IRB
staff. The signed, hard-copy of the application may be mailed or delivered to the Office
of Research Compliance, 223 Brackett Hall, Clemson, SC 29634-5704.
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Prisoner Research Addendum:
If your study involves prisoners as participants, click here to complete the Prisoner
Research Addendum. Once completed, please submit the Addendum with your Expedited
/ Full Review Application.
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Appendix B
Director Consent Form
Clemson University, North Carolina State University, and RTI International
Informed Consent Form for the Carolinas Day Care Study: Directors
Principal Investigator: Angela M. Fraser, Ph.D., Clemson University
Co Investigators: Benjamin Chapman, Ph.D., NCSU; Lee-Ann Jaykus, Ph.D., NCSU;
Sheryl Cates, RTI
BACKGROUND AND PROCEDURES
The purpose of this study is to identify risk factors for foodborne illness in the child-care
environment and to develop training materials for educators who provide food safety
training to child-care workers. The study is being conducted at 100 child-care facilities in
North Carolina and South Carolina. If you agree to participate, you will be asked to
complete a 10-minute interview so we can collect information on the characteristics of
your facility, the types of training provided, and the health of children and workers. We
will also conduct the following activities: complete a checklist to collect information on
the classroom and food preparation/kitchen environment; observe one child-care worker
in both the infant and toddler classrooms; and collect samples for microbiological
analysis from surfaces in the classroom and hands of child-care workers and food
preparers. The samples will be analyzed for organisms that could cause foodborne illness.
Each participating employee will be asked to read and sign a separate informed consent
form. Data collection for the study will take about two to three hours.
The likelihood of harm or discomfort anticipated during the study are no greater
than what you would encounter in daily life or during the performance of routine physical
or psychological examinations or tests. The benefit of participating is that it will help us
to develop better, more effective food safety training aids for educators who provide food
safety training to child-care workers.
CONFIDENTIALITY
The information we collect will be kept strictly confidential except as required by law.
Any suspected violations of food handling, hygiene, or sanitation procedures will not be
reported to you or the state inspection agency. The data we collect and the results of the
microbiological analysis will be entered into an electronic database. All data will be
stored with an identification number so that your name or facility name is not connected
to the data. All data will be stored securely and will be made available only to persons
conducting the study. No reference will be made in oral or written reports that could link
you or your facility to this study. All data will be destroyed at the end of the study.
CONTACT
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If you have questions at any time about the study or procedures, contact the researcher,
Angela M. Fraser, 206 Poole Agriculture Center, Clemson University, Clemson, SC
29634 or 864.656.3652.
PARTICIPATION
Your participation is voluntary; you may decline to participate without penalty. If you
decide to participate, you can withdraw from the study at any time. If you withdraw from
the study before data collection is completed, your data will be returned to you or
destroyed. If you agree to participate in this study, please communicate to your
employees that research will be occurring at your center, and that employee participation
is entirely voluntary. When researchers are at your center, employees are free to choose
to participate or not, and their decision will not affect their employment at your center.
CONSENT
I have read and understand the above information. I have received a copy of this form. I
agree to participate in this study.
Your signature_________________________

Date _______________________

Data collector’s signature________________

Date _______________________
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Appendix C
Employee Consent Form
Clemson University, North Carolina State University, and RTI International
Informed Consent Form for the Carolinas Day Care Study: Employee
Principal Investigator: Angela M. Fraser, Ph.D., Clemson University
Co Investigators: Benjamin Chapman, Ph.D., NCSU; Lee-Ann Jaykus, Ph.D., NCSU;
Sheryl Cates, RTI
BACKGROUND AND PROCEDURES
The purpose of this study is to identify risk factors for foodborne illness in the child-care
environment and to develop training aids for educators who train child-care workers. The
study is being conducted at 100 child-care facilities in North and South Carolina. If you
agree to participate, we will observe you while you are working and collect samples for
microbiological analysis from your hands. Samples will be tested for organisms that
cause foodborne illnesses. Collection of hand samples will involve rubbing your
fingertips on a Petri dish containing a sterilized tryptic soy broth. Data collection in a
classroom will take about 1-1/2 hours and data collection in the kitchen will take about
30 minutes.
The likelihood of any harm or discomfort during the study is no greater than what you
would encounter in daily life or during the performance of routine physical or
psychological examinations or tests. The solution being used on your fingertips is presterilized, so you will not be subjected to any type of physical risk. The benefit of
participating is that it will help us to develop better, more effective food safety training
aids for educators who provide food safety training to child-care workers.
CONFIDENTIALITY
The information we collect will be kept strictly confidential except as required by law.
Any suspected violations of food handling, hygiene, or sanitation procedures will not be
reported to your child-care director or the state inspection agency. The data we collect
and the results of the microbiological analysis will be entered into an electronic database.
All data will be stored with an identification number so that your name or facility name is
not connected to the data. All data will be stored securely and will be made available only
to persons conducting the study. No reference will be made in oral or written reports that
could link you or your facility to this study. All data will be destroyed at the end of the
study.
CONTACT
If you have questions at any time about the study or the procedures, you may contact the
researcher, Angela M. Fraser, at 206 Poole Agriculture Center, Clemson University,
Clemson, SC 29634 or at 864.656.3652 (office).
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PARTICIPATION
Your participation in this study is voluntary; you may decline to participate without
penalty. Your status as an employee will not be affected by what you decide about taking
part in this research. If you decide to participate, you may withdraw from the study at any
time. If you withdraw from the study before data collection is completed your data will
be returned to you or destroyed.
CONSENT
I have read and understand the above information. I have received a copy of this form. I
agree to participate in this study.
Your signature________________________

Date _______________________

Data collector’s signature_______________

Date _______________________
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Appendix D
Child-Care Home Director Survey
Management and Employee Experience
1. How many years have you directed this child-care facility? (Circle one)
1. Under 1 year
2. 1–5 years
3. 6–10 years
4. 11–15 years
5. 16 or more years
Meal Preparation
2. What types of meals and snacks are served to infants and toddlers at this childcare facility? (Circle all that apply)
1. Meals, snacks, and/or bottles that are brought from each child’s home
2. Meals and/or snacks that are cooked and prepared mostly from scratch in the
facility’s kitchen
3. Meals and/or snacks that are purchased from an outside foodservice
operation
4. Meals and/or snacks that are purchased by the facility but that are ready to
eat and packaged in single serving containers
5. Other ________________________________ _______________________________
________________________________ ________________________________
3. Approximately how many meals and snacks do you serve to toddlers (children 1223 months) daily?
a. __________ Meals
b. __________ Snacks
Food Safety, Hygiene, and Sanitation Training
4. Before opening your child-care facility, for which of the following did you
receive training? (Circle all that apply)
1. Safe food handling practices
2. Hygiene practices
3. Sanitation practices
4. None of the above [Go to Question 6]

218

1.
2.
3.
4.
5.
6.
7.

Private organization or consultant
Cooperative extension
State or local regulatory agency
State or local health agency
Received training while working for another child-care facility
Received training while working for a restaurant or other type of food service
establishment
Other
______________________________________________________________
____

1. Since opening your child-care facility, have you received on-going food safety,
hygiene and/or sanitation training? (Circle one)
1. Yes
2. No [Go to Question 10]
2. For which of the following have you received on-going training? (Circle all that
apply)
1. Safe food handling practices
2. Hygiene practices
3. Sanitation practices
3. How often do you receive on-going training? (Circle one)
1. At least monthly
2. At least quarterly
3. At least annually
4. Less than annually
4. Who provides the on-going training? (Circle all that apply)
1. Private organization or consultant
2. Cooperative extension
3. State or local regulatory agency
4. State or local health agency
5. Other
______________________________________________________________
____
______________________________________________________________
____

Facility Policies
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10. For which of the following do you have a written policy or procedure? (Circle all
that apply)
1.
Hand washing
2.
Food preparation
3.
Diaper changing
4.
Surface washing (method for disinfecting countertops, table tops or other
surfaces)
5.
Removing, replacing, or covering shoes when entering rooms that infants
use for play
6.
Sick employees
7.
Sick children
8.
None of the above
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Child-Care Facility Characteristics
1. Does this child-care facility participate in the Child and Adult Care Food Program
(CACFP)? (Circle one)
1.
Yes
2.
No
2. About how many children are enrolled in each of the following age groups:
Age Group

Number of Children

a. < 12 months (infants)
b. 12–23 months (toddlers)
c. 24–35 months
d. 3 to 5 years
e. > 5 years
f. Total
3. What types of accreditation does this child-care facility have? (Circle all that
apply)
1.
National Association for the Education of Young Children (NAEYC)
2.
American Montessori Society
3.
Other
______________________________________________________________
4.
None
4. [In NC only] What type of star license do you have?
________________
Employee and Children Health
5. In the past 7 days, were you sick with gastrointestinal illness symptoms such as
nausea, vomiting, diarrhea, and/or fever? (Circle one)
1.
Yes
2.
No
6. In the past 7 days, were any of the children sick with gastrointestinal illness
symptoms such as nausea, vomiting, diarrhea, and/or fever? (Circle one)
1.
Yes
2.
No
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Thank you for taking the time to complete this questionnaire. Please place the
questionnaire in the confidential envelope that will be collected by a project team
member before leaving your child-care facility.
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Appendix E
Child-Care Center Director Survey
Management and Employee Experience
1. How many years have you directed this child-care facility? (Circle one)
1.
Under 1 year
2.
1–5 years
3.
6–10 years
4.
11–15 years
5.
16 or more years
2. How many people are employed by this child-care facility?
Category
a. Management

Number

b. Child-care providers
c. Food preparation employees
who do not provide child-care
d. Other (Specify)
e. TOTAL
3. What is the average number of years of experience for employees at this childcare facility? (Circle one)
1.
Under 1 year
2.
1–5 years
3.
6–10 years
4.
11–15 years
5.
16 or more years
Meal Preparation
4. What types of meals and snacks are served to infants and toddlers at this childcare facility? (Circle all that apply)
1.
Meals, snacks, and/or bottles that are brought from each child’s home
2.
Meals and/or snacks that are cooked and prepared mostly from scratch in
the facility’s kitchen
3.
Meals and/or snacks that are purchased from an outside foodservice
operation
4.
Meals and/or snacks that are purchased by the facility but that are ready to
eat and packaged in single serving containers
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5. _________________________________________________________________ Other
5. Approximately how many meals and snacks do you serve to toddlers (children
12–23 months) daily?
a.
__________ Meals
b.
__________ Snacks
Food Safety, Hygiene, and Sanitation Training
6. For which of the following do new employees receive training, such as a course,
class, or on-the-job training? (Circle all that apply)
1.
Safe food handling practices
2.
Hygiene practices
3.
Sanitation practices
4.
None of the above [Go to Question 8]
7. Who provides the food safety, hygiene and/or sanitation training? (Circle all that
apply)
1.
Other child-care providers, for example, through on-the-job training
2.
A trainer from your child-care facility’s affiliated corporation or company
3.
Private organization or consultant
4.
Cooperative extension
5.
State or local regulatory agency
6.
State or local health agency
7.
Other
__________________________________________________________________
8. Is on-going training provided? (Circle one)
1.
Yes
2.
No [Go to Question 12]
9. For which of the following do employees receive on-going training? (Circle all
that apply)
1.
Safe food handling practices
2.
Hygiene practices
3.
Sanitation practices
10. How often is on-going training provided? (Circle one)
1.
At least monthly
2.
At least quarterly
3.
At least annually
4.
Less than annually
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11. Who provides the food safety, hygiene and/or sanitation training? (Circle all that
apply)
1.
Other child-care providers, for example, through on-the-job training
2.
A trainer from your child-care facility’s affiliated corporation or company
3.
Private organization or consultant
4.
Cooperative extension
5.
State or local regulatory agency
6.
State or local health agency
7.
Other
__________________________________________________________________
Facility Policies
12. For which of the following do you have a written policy or procedure? (Circle all
that apply)
1.
Hand washing
2.
Food preparation
3.
Diaper changing
4.
Surface washing (method for disinfecting countertops, table tops or other
surfaces)
5.
Removing, replacing, or covering shoes when entering rooms that infants
use for play
6.
Sick employees
7.
Sick children
8.
None of the above
Child-Care Facility Characteristics
[If you manage an in-home child-care facility, skip Questions 13 and 14]
13. Is this child-care facility for profit or non-profit/subsidized? (Circle one)
1.
For profit
2.
Non-profit
14. If for profit center, what type? (Circle one)
1.
Independently owned and operated
2.
Chain
If non-profit center, what type? (Circle all that apply)
1.
Head Start
2.
Church sponsored
3.
Business/corporate sponsored
4.
University sponsored
5.
Public School sponsored
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6.
Parent cooperative
7.
Other
______________________________________________________________
15. Does this child-care facility participate in the Child and Adult Care Food Program
(CACFP)? (Circle one)
1.
Yes
2.
No
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16. About how many children are enrolled in each of the following age groups:
Age Group
a. < 12 months (infants)

Number of Children

b. 12–23 months (toddlers)
c. 24–35 months
d. 3 to 5 years
e. > 5 years
f. Total
17. What types of accreditation does this child-care facility have? (Circle all that
apply)
1.
National Association for the Education of Young Children (NAEYC)
2.
American Montessori Society
3.
Other
______________________________________________________________
4.
None of the above
18. [In NC only] What type of star license do you have?
________________
Employee and Children Health
19. In the past 7 days, were any employees sick with gastrointestinal illness
symptoms such as nausea, vomiting, diarrhea, and/or fever? (Circle one)
1.
Yes
2.
No
20. In the past 7 days, were any of the children sick with gastrointestinal illness
symptoms such as nausea, vomiting, diarrhea, and/or fever? (Circle one)
1.
Yes
2.
No
Thank you for taking the time to complete this questionnaire. Please place the
questionnaire in the confidential envelope that will be collected by a project team
member before leaving your child-care facility.

227

Appendix F
Classroom Audit
CLASSROOM AREA
COMPLIANCE
PROVIDERS
1. Child care providers wellYes No
groomed
2. Child care providers in
Yes No
good health
CHILDREN
3. Children in good health
Yes No
4. Children’s personal
Yes No
belongings in clean, dry
place
EQUIPMENT/TOYS
5. The following are clean and in good condition:
a. Bedding (No. _______) Yes No N/A
b. Cribs (No. _______)
Yes No N/A
c. Play mats (No.
Yes No N/A
_______)
d. Playpens (No.
Yes No N/A
_______)
e. Soft surface toys
Yes No N/A
f. Hard surface toys
Yes No N/A
g. High chairs (No.
Yes No N/A
_______)
h. Booster seats
Yes No N/A
i. Other______________ Yes No N/A
TRASH CANS
6. Trash cans clean
Yes No
7. Diaper trash can is plastic- Yes No
lined
8. All other trash cans are
Yes No
plastic-lined
9a. Cover on diaper trash can Yes No
9b. Hands-free cover
Yes No
HANDSINKS
10. Warm water
Yes No
11. Soap
Yes No
12. Approved drying device
Yes No
13. Handwashing signage
Yes No
14. [Ask provider where they Yes No N/A
wash their hands before
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DEVIATION/COMMENTS

(No. sick ____ )

(No. sick ____ )

handling food] For
classrooms with food prep
area, separate handwashing
sink available
SURFACES
15. Changing pads or other
changing surfaces clean
and in good repair
16. Eating surfaces clean and
in good repair
17. Floor areas where children
play clean
REFRIGERATOR
18. Refrigerator(s) temperature

Yes

No

Yes

No

Yes

No

Theirs
1.
2.

Ours
N/A
N/A

19. [Ask provider] What is the
refrigerator used to store?
OTHER: Please note anything that is unusual or not in compliance.
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Provide a sketch of the room’s floor plan below. Include and label the
following:
 each sink (indicate
 trash cans (indicate
who uses sink [child
diaper trash can vs. other
vs. provider] and
trash cans)
purpose of sink [hand
 kitchen area
wash, food prep, other])
 diaper changing areas
 food preparation
 storage areas (for
areas
children’s personal
 refrigerators
belongings)
 sleeping areas
 play areas
 eating areas
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Appendix G
Kitchen Audit
KITCHEN AREA
REFRIGERATOR
1. Refrigerator(s) temperature

2. Temperature of three potentially
hazardous foods

COMPLIANCE DEVIATION/COMMENTS
Theirs
Ours
1.
2.
1.
2.
3.
Yes No N/A

N/A
N/A
N/A
N/A

3. Raw meats, fish, poultry, eggs
beneath other foods
4. Date is current on milk
Yes No N/A
5. Bulk and freshly-sliced deli
Pack Date:
N/A
meats
6. Date is current on pre-packaged Yes No N/A
deli meats
DRY FOOD STORAGE
7. Food at least six inches off floor Yes No
8. Food in closed containers or
Yes No
packages
EQUIPMENT
9. Clean dishes and utensils at least Yes No
six inches off floor
10. Equipment clean and in good repair:
a. Stove
Yes No N/A
b. Refrigerator(s)
Yes No N/A
c. Work table(s)
Yes No N/A
d. Cutting boards
Yes No N/A
e. Other________________
Yes No N/A
HANDSINKS
11. Warm water
Yes No
12. Soap
Yes No
13. Approved drying device
Yes No
14. Hand washing signage
Yes No
WORKERS (complete only if workers are handling food)
15. Wearing clean clothes
Yes No
16. Hair restraints
Yes No
17. Gloves
Yes No
18. No jewelry
Yes No
DISHWASHING
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19. Proper sink set-up
Yes No N/A
20. Dish machine working
Yes No N/A
MEASURING DEVICES
21. Food thermometer
Yes No
22. Sanitizer test kit
Yes No
CERTIFICATION
23. Food Safety Certification
Yes No
OTHER: Please note anything that is unusual or not in compliance.
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Appendix H
Written Instruction for Informed Consent
Consent forms contain information about the study as well as the risks and
benefits to the participant. The consent form addresses the following:
• The probability and magnitude of harm or discomfort anticipated during the
study are no greater than what would be encountered in daily life. The benefit
of participating in the study is that it will help the research team to develop
better, more effective food safety training aids for educators who provide food
safety training to childcare workers.
•

Project team members will keep the information obtained from participants
completely confidential. This includes data collected during the director
questionnaire, the checklists, the observation, and sampling. It also includes
information that the provider, food handler, or director discloses to you during
your visit or on the phone, including casual comments.

•

Childcare facility or participant names will not appear on any of the
questionnaires or recording forms. Rather, childcare facilities will be assigned
an identification code.

•

All data will be stored securely and will be made available only to persons
conducting the study. No reference will be made in oral or written reports that
could link you or your facility to this study.

•

The results of the checklists, sampling, or other information obtained during
the visit will not be shared with the participant’s state regulatory agency.

After reviewing the form with the participant, give him or her some time to read
over the document. After he/she is finished reading, ask if he/she has any questions.
Address any questions or concerns, and then ask each participant to sign the informed
consent document. Leave a blank copy of the document for the participant and verbally
thank them for their participation in the study. Put completed informed consent forms in
the red confidential items folder.
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Appendix I
Written Instruction for Facility Audits
1. Administering the Director Questionnaire
•

There are two versions of the questionnaire: one for facilities with multiple
employees and one for single-employee facilities. Make sure you have the
appropriate version for the facility you are visiting. (Note: You may want to bring
both versions just in case!)

•

Make sure the correct Participant ID number sticker is on the questionnaire. Do
not write the facility’s name on the questionnaire.

•

After obtaining informed consent from the director, leave the questionnaire for the
director to complete during your visit. Also, leave a privacy envelope for the
director to place the completed questionnaire.

•

Before leaving the childcare facility, pick up the completed questionnaire in the
envelope.

•

Put the completed questionnaire in the blue folder.

2. Conducting the Kitchen Audit
•

On the top right of the form Kitchen Audit form, check () box to indicate
whether you are auditing a separate kitchen or a food preparation area within a
classroom.

•

Except for questions 1, 2, and 5 circle “Yes,” “No,” or “N/A.’ If “No,” indicate
deviation in the “DEVIATION/COMMENTS” column provided. For example, in
Question 4 (see example below) circle “No,” since you found past dated milk and
indicate in the “DEVIATION/COMMENTS” column the milk’s sell-by date.

KITCHEN AREA

COMPLIANCE

Date is current on milk

No
Yes

•

DEVIATION/COMME
NTS
The milk’s sellsell-by date
was 1010-0101-09

Note under “OTHER” anything else that is out of the ordinary relating to food
safety or hygiene violations.
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•

After completing the audit, review form for completeness.

•

Put the completed Kitchen Audit form in the blue folder.

QUESTION
REFRIGERATOR
1. Refrigerator(s)
temperature

2. Temperature of
three potentially
hazardous foods

3. Raw meats, fish,
poultry, eggs
beneath other
foods

4. Date is current
on milk

INSTRUCTIONS

Record the temperature shown on each refrigerator’s
thermometer (Theirs), and then obtain the temperature
with your thermometer (Ours). Use a thermometer that
has been properly calibrated. Place the thermometer on
the top shelf of the refrigerator and let sit for 20-30
seconds to allow thermometer to stabilize, then record
temperature. You can fill out the other checklist items
while the thermometer is stabilizing. If only one
refrigerator, circle “N/A” for refrigerator #2.
Record the temperature of three potentially hazardous
foods (PHF). These foods may include milk, yogurt,
sandwiches, potato salad, etc. Record the food’s
temperature as shown on the audit form and write the
type of food in the adjacent
“DEVIATION/COMMENTS” column. Be sure to
sanitize the thermometer with an alcohol swab before
taking the temperature of each food item, so as not to
contaminate the childcare facility’s food. If no PHF,
circle “N/A.”
Raw meats, poultry, fish, shellfish and eggs should be
stored on shelving beneath and separate from other
foods. Some childcare facilities do not prepare food from
scratch, so there may not be raw meat items in the
refrigerator. In this situation, please circle “N/A.”
Check the expiration dates on milk. If expired, record the
expiration date in the deviation column.

5. Bulk and freshlysliced deli meats Record bulk deli meat packed dates in the space provided
on the kitchen audit form. If there are no bulk deli meats
in the refrigerator, circle “N/A.”
6. Date is current
Check the expiration dates on all other deli meats. If

235

on pre-packaged expired, record the expiration date in the deviation
deli meats
column.
DRY FOOD STORAGE
7. Food at least six
Food should be stored at least 6 inches above the floor so
inches off floor
that it can be protected from splash and contamination.
Indicate in the “DEVIATION/COMMENTS” column if
food was stored on or too close to the floor or if food is
in some way unprotected from contamination.
8. Food in closed
Food should be stored in clean, tightly covered, storage
containers or
containers once the original package is opened. If “No,”
packages
indicate the condition of the food container.
EQUIPMENT
9. Clean dishes and Dishes and utensils should be stored at least 6 inches
utensils at least
above the floor. Indicate in the
six inches off
“DEVIATION/COMMENTS” column if dishes or
floor
utensils are stored on or too close to the floor or if they
are in some way unprotected from contamination.
10. Equipment clean and in good repair:
a.
b.
c.
d.
e.

Stove
Refrigerator(s)
Work table(s)
Cutting boards
Other _________

HANDSINKS
11. Warm water
12. Soap
13. Approved drying
device
14. Hand washing
signage

All equipment including stove, refrigerators, etc. should
be clean and in good repair. Food contact surfaces (e.g.,
cutting boards and work tables) should be smooth, free
of breaks, open seams, cracks, chips, pits and other
imperfections. You may have to ask an employee to
show you the cutting board(s.) If the facility does not
have a particular type of equipment, circle “N/A.”

There should be a separate designated hand wash sink in
the kitchen or food preparation area. Water from this sink
should not be used to prepare food or beverages.
Indicate whether there is warm water, soap, an approved
drying device, and handwashing signage at the hand
wash sink. An approved drying device refers to either a
disposable towel or electric hand dryer. Indicate any
deviation to these requirements. Also, make sure to
describe the handwashing signage in the
“DEVIATION/COMMENTS” column.

WORKERS (complete only if workers are handling food)
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15. Wearing clean
clothes

16. Hair restraints

17. Gloves

Food preparation staff’s outer clothing should be clean. If
not, describe in the “DEVIATION/COMMENTS”
column.
Workers should wear proper hair restraints to protect
from falling hair. In NC, hair spray is not considered an
effective hair restraint.
Although gloves are not always required to be worn
during food preparation, indicate whether the worker is
wearing them. In NC, gloves are required to be worn
when employees have painted or artificial fingernails.

18. No jewelry
The only jewelry approved on hands and wrists during
food preparation is a plain wedding band.
DISHWASHING
19. Proper sink setup

20. Dish machine
working

Childcare facilities must have at least a two-compartment
sink. Centers using multi-use items articles must also
have a dish machine or three-compartment sink.
If the facility has a dish machine, put the temperature
indicator on a plate and run the machine through a cycle
to test whether or not it is working properly.

MEASURING DEVICES (Ask someone to show you the measuring devices if
necessary.)
21. Food
The food thermometer should be metal stem-type and
thermometer
numerically scaled.
22. Sanitizer test kit The sanitizer test kit contains litmus strips, which allow
the worker to test the pH level of the sanitizing solution.
The sanitizer test kit is usually in a small cylindrical
shaped bottle.
CERTIFICATION
23. Food Safety
Certification

Indicate on the kitchen audit form if the food preparer
has a food safety certification. Look for a certification
certificate displayed in the kitchen area.

OTHER: Please note anything that is unusual or not in compliance.

3. Conducting the Classroom Audit
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•

On the top of the Classroom Audit form, record the start time and end time of the
classroom audit. The audit will take about 15 minutes. If you finish before 15
minutes, begin observing the provider, but do not begin recording the
observation until 15 minutes has passed. This will allow adequate time for the
provider to acclimate to your presence in the room. If the audit takes longer than
15 minutes, you should still conduct a 45-minute observation.

•

On the top of the form, record the number of childcare providers, mobile children,
and non-mobile children present in the room.

•

On the top right of the form, check () box to indicate whether you are auditing
an Infant Room, Toddler Room, or a Combined Infant/Toddler Room.

•

For items 1-17, circle “Yes,” “No,” or “N/A.” If “No,” indicate deviation in the
“DEVIATION/COMMENTS” column provided.

•

Note under “OTHER” anything that is out of the ordinary relating to food safety
or hygiene violations.

•

After completing the audit, review form for completeness.

•

Put the completed Classroom Audit form in the blue folder.

QUESTIONS
INSTRUCTIONS
PROVIDERS
1. Childcare providers wellProvider’s clothing should be clean.
groomed
2. Childcare providers in
Providers should be in good health. If not,
good health
indicate the number of providers who appear to
be sick. Note in the
“DEVIATION/COMMENTS” column anything
that is unusual, such as if any providers have
exposed sores or burns on their skin that should
be bandaged.
CHILDREN
3. Children in good health
Children in the classroom should be in good
health. If not, indicate the number of children
who appear to be sick. Sick children should be
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separated from the other children until the child
leaves the childcare facility. Indicate in the
“DEVIATION/COMMENTS” column if sick
children are in a partitioned area and separated
from healthy children in the classroom.
4. Children’s personal
belongings in clean, dry
place

Adequate storage space should be provided for
children’s belongings, including book bags,
clothes, diaper bags etc., so that these items can
be kept clean.

EQUIPMENT/TOYS
5. The following are clean and in good condition:
a. Bedding (No._______)
No equipment and toys should be visibly dirty.
b. Cribs (No. _______)
These items should be stored to prevent
c. Mats (No. _______)
contamination, and should be in good repair.
d. Playpens (No. _______)
Indicate as shown on the audit form, the number
e. Soft surface toys
of bedding items (e.g. beds, cots, sleeping mats
f. Hard surface toys
etc.), cribs, mats (not used for sleeping),
g. High chairs
playpens, and high chairs. If the facility does not
(No._______)
have a particular type of equipment, circle “N/A.”
h. Booster seats
i. Other _____________
T TRASH CANS
6. Trash cans clean
All trash cans in the room should be free from
build up of dirt.
7. Diaper trash can is plasticAll trash cans in the room should be plastic-lined.
lined
Indicate any deviations.
8. All other trash cans are
plastic-lined
The diaper trash should be covered in both NC
9a. 9a. Cover on diaper
and SC. In addition, in SC the diaper trash should
trash can
have a hands-free cover. Circle “Yes” or “No” to
indicate whether the diaper trash can is covered
9b. Hands-free cover
and whether or not the cover is hands-free.
HANDSINKS
10. Warm water
Indicate whether there is warm water, soap, a
11. Soap
drying device, and hand washing signage at each
12. Approved drying device
hand wash sink. An approved drying device refers
13. Handwashing signage
to either a disposable towel or electric hand dryer.
Indicate any deviations to these requirements.
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Also, make sure to describe the handwashing
signage in the “DEVIATION/COMMENTS”
column.
14. [Ask provider where
they wash their hands
before handling food]
For classrooms with food
prep area, separate
handwashing sink
available

There should be a separate designated hand wash
sink if there is a food preparation area in the
classroom. “Food handling” refers to the handling
of foods or utensils in the preparation of meals,
including opening and closing of baby bottles,
baby food jars and cereal boxes.
Ask the provider where they wash their hands
before food preparation to determine whether a
separate sink is being used for handwashing.
Water from the hand wash sink should not be used
to prepare food including formula and cereals. Toy
cleaning and sanitizing may be conducted in the
food preparation sink, but not the hand wash sink.

SURFACES
15. Changing pads or other
changing surfaces clean
and in good repair
16. Eating surfaces clean and
in good repair
17. Floor areas where children
play clean
REFRIGERATOR
18. Refrigerator(s)
temperature

19. [Ask provider] What is
the refrigerator used to
store?

Diapering surfaces should be smooth, intact,
nonabsorbent, and easily cleanable. If not, indicate
any deviations.
Eating surfaces (e.g. tabletops and high chair trays)
and floors where children play should be clean
and in good repair. If not, indicate any deviations.
If the classroom has refrigerator(s), record the
temperature shown on each refrigerator’s
thermometer (Theirs) and then obtain the
temperature with your thermometer (Ours). Use a
thermometer that has been properly calibrated.
Place the thermometer on the top shelf of the
refrigerator and let sit for 20-30 seconds to allow
thermometer to stabilize, then record temperature.
If one or no refrigerators, circle “N/A.”

If the classroom has one or more refrigerators, ask
the provider what they are used to store. Record
the response in the space provided on the
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classroom audit form.
OTHER: Please note anything that is unusual or not in compliance.

4. Floor Plan Sketch Instructions
A grid is provided on the second page of the Classroom Audit form. Provide a
sketch of the room’s floor plan. Include and label each sink (indicate who uses
sink [child vs. provider] and purpose of sink [hand wash, food prep, other]),
food preparation areas, eating areas, kitchen areas, diaper change areas, play
areas, sleeping areas, children’s personal belongings storage areas, refrigerators,
and trash cans (indicate diaper trash can vs. other trash cans). Check off each
item as you mark it on the grid.
As you prepare the sketch, familiarize yourself with the layout of the room.
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Appendix J
Written Instruction for Onsite Observations
Observation Protocol
1. In each childcare facility, conduct observations in one infant room and one
toddler room or in a combined infant/toddler room (may be the case in small
centers or home-based facilities.)
2. If there is more than one infant or toddler room in the childcare facility, select the
room with the most children for the observation.
3. Only one provider per room will be observed by one data collector. If there is
more than one provider in a room, select the provider who is the “lead” childcare
provider (or the provider primarily responsible for changing diapers and feeding
children) in the room unless this person is scheduled for a break during the
observation period. In this situation, select another provider in the room for the
observation.
4. Before the observation begins, ask providers to limit communication with you
during the observation period.
5. Each observation will take place for 45 minutes per room.
6. During the 15 minutes before the observation, conduct a classroom audit and
sketch the room’s floor plan. This will allow time for the provider to acclimate to
the observation. Note: If you finish the audit before 15 minutes, begin observing
the provider, but do not record your observations on the observation form until
15 minutes has passed. If the audit takes longer than 15 minutes, you should
still conduct a 45-minute observation.
7. Dress in similar fashion to childcare providers and wear neutral colors to blend
into surroundings.
8. Subjects should be aware that they will be observed, but not what particular
activities will be observed.
9. Maintain enough distance from subjects in order to remain unobtrusive.

Directions for Recording the Observations
1. Before beginning the 45 minute audio recorded observation, record the following
information in the boxes on the Classroom Observation form:
o Title of provider (who you are observing), such as lead teacher, teacher’s
assistant, etc.
o The date of the observation
o The start time of the 45-minute observation period
o Indicate whether observing an infant room, toddler room, or a combined
infant/toddler room

242

2. Next, turn on your voice recorder (see iPod instructions below), and begin the 45minute observation.
o Record the location of the provider in the room as he/she moves around
the room.
o Record each surface the provider touches with his/her hands. Be as
specific as possible as you record each surface.
o If the provider touches a child, specify if he/she is touching the
child’s face, hands, or bottom.
o As you observe a hand wash, record the surfaces touched but also
indicate whether the provider washed all surfaces of his/her hands.
Providers should wash their wrists, palms, backs of hands, between
fingers, and under fingernails. Also, indicate whether he/she rinsed
well for at least 10 seconds.
o In addition to touching gloves, indicate instances the provider puts
on and/or takes off gloves.
o Also, note any unusual cross contamination instances that you
observe.
3. After the observation is complete, record the end time on the Classroom
Observation form. Make sure the correct ID number sticker is on the form and put
the completed form in the blue folder.
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Appendix K
Written Instruction of iPods
Using the iPod

1. Recording a Voice Memo
a. From the main menu, scroll to Extras and click the center button to select.
b. Scroll to the very bottom and select Voice Memos.
c. An image of a microphone will appear. However, please realize that you are not
recording anything right now! You must press the center button again to start
recording audio. The bar at the top of the screen will turn red when the iPod is
recording.
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d. Once you have finished recording you need to press the MENU button. Then
scroll to Stop and Save and select it (pressing the center button will not stop the
recording).
e. Once you do this you will be back at the Voice Memo screen. If you would like
to start another recording press New Memo or if you would like to listen to your
recordings select Voice Memos.
f. When you go back to listen to your recordings you will see that the recordings
are organized by date and time. You will be able to rename them when you add
them to iTunes.
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Appendix L
Microbiological Sample Collection Form
SAMPLE
NO.

SAMPLE
DESCRIPTION

SURFACE SAMPLE TYPE

(Check one box per row)

Food Prep Area
01L
Left
01R
Right
02 small
Flat

N/A
N/A
Irregular

Hand sample

11
11
12
12

Irregular
Irregular
Irregular
Irregular

Hand wash sink faucet handle

Refrigerator door handle
(if no handle, area touched to open
02 large
Flat
Irregular
fridge)
Infant Room or Combined Infant/Toddler Room
03L
Left
Hand sample
03R
Right
Refrigerator door handle or if no
04 small
Flat
Irregular
fridge, other “at risk” surface
04 large
Flat
Irregular
(Specify:_____________________)
05 small
Flat
Diaper surface
05 large
Flat
(Specify:_____________________)
Hand wash sink faucet handle
06 small
Irregular
06 large
Irregular
Hard surface toy
07 small
Irregular
07 large
Irregular
Toddler Room
08L
Left
Hand sample
08R
Right
09 small
Flat
Irregular
Refrigerator door handle or if no
fridge, other “at risk” surface
09 large
Flat
Irregular
(Specify:_____________________)
Diaper surface
10 small
Flat
(Specify:____________________)
10 large
Flat
small
large
small
large

Hard surface toy

246

Appendix M
Director Follow-Up Questionnaire
ID # ___________________
DATE __________________
Follow-up Script for the Carolinas Child-care Study
May I please speak to NAME of Director of the facility?
Hello, this is _____________ from NC State University, Clemson University, NC
Cooperative Extension.
Again, the project team and I appreciate your help with the Carolinas Child-care
Study. We have a few follow-up questions that will take 30 minutes to answer. Is this
a good time to talk?
{If not a good time, record date/time to call back:
___________________________________} (If Director not available, see if
Assistant Director or someone else is available to answer the questions.)
Remember, your participation is voluntary and the information we collect will be kept
completely confidential except as required by law. No reference will be made in oral
or written reports that could link you or your facility to this study.
Do you have any questions?

Follow-Up Questionnaire
Question
1a. How is
hand sanitizer
used in your
facility? [If
selected Do
not use hand
sanitizer,
Refused, or
Don’t Know,
go to Question
2a]

Answers
(Read list and select
-7. Refused
one)
1. In place of
handwashing
2. In conjunction with
handwashing
3. Only when
handwashing is
unavailable
4. Do not use hand
sanitizer
5. Other (Specify:
____________________)
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Comments
-8. Don’t
know

(Read list and select
1b. What type
one)
of hand
1. Alcohol-based
sanitizer is
2. Non-alcohol based
used? (If
unsure, please
read the
ingredients on
the label of
your product.)
2a. Do you use
hand soap for
hand washing
in your
facility?

-7. Refused

-8. Don’t
know

1. Yes

2. No

-7. Refused

-8. Don’t
know

1. Yes

2. No

-7. Refused

-8. Don’t
know

-7. Refused

-8. Don’t
know

[If No,
Refused, or
Don’t Know,
go to Question
3]
2b. Is this an
antibacterial
hand soap?
3. What types
of handdrying
tools are
used in
your
facility?

(Read list and select all
that apply)
1. Disposable paper
towels
2. Electric hand dryer
3. Cloth
4. Other
(specify:__________
_______)

Question
Answers
4. Which of the (Read list and select
one)
following
1. Use a surface cleaner
do you do
followed by a
when

Comments
-7. Refused
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-8. Don’t
know

cleaning an
eating
surface?

5. What type of
sanitizer do
you usually
use to
disinfect an
eating
surface? (If
unsure,
please
read the
ingredients
on the
label of
your
product.)
6. If chlorine
bleach
solution,
what is the
approximat
e
proportion
of bleach to
water?
What is
the unit of
measure?
(For
example,
parts, cups,
etc.)
7. If chlorine
bleach or
quat

sanitizer
2. Use a surface cleaner
only
[Go to Question 8]
3. Use a sanitizer only
4. Other [Go to
Question 8]
(Specify:_____________
__________)
(Select one)
1. Chlorine bleach
solution
2. Quat solution [Go to
Question 7]
3. Other [Go to
Question 8]
(specify:
_____________)

a1. Bleach

b1. Water

________

__________

-7. Refused

-8. Don’t
know

-7. Refused

-8. Don’t
know

-7. Refused

-8. Don’t
know

a2. Unit of b2. Unit of
measure
measure
______

__________

A. Amount
B. Unit of Measure
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solution,
what is the
concentrati
on? What is
the unit of
measure for
this
concentrati
on? [For
example,
Parts per
million
(ppm)]
Question
C. Which of
the
following
do you do
when
cleaning a
diaper
change
surface?

D. What type
of sanitizer
do you
usually use
to disinfect
a diaper
change
surface? (If
unsure,
please
read the
ingredients
on the
label of

Answers
(Read list and select
one)
1. Use a surface cleaner
followed by a
sanitizer
2. Use a surface cleaner
only
[Go to Question 12]
3. Use a sanitizer only
4. Other [Go to
Question 12]
(Specify:_____________
__________)

Comments
-7. Refused

(Select one)
-7. Refused
1. Chlorine bleach
solution
2. Quat solution [Go to
Question 11]
3. Other [Go to
Question 12]
(specify:
_________________)
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-8. Don’t
know

-8. Don’t
know

your
product.)
E. If chlorine
bleach
a1. Bleach
b1. Water
solution,
what is the
approximat __________ ________
a2. Unit of
b2. Unit
e
measure
of
proportion
measu
of bleach to
re
water?
What is the
unit of
measure?
(For
example,
parts, cups,
etc.)
F. If chlorine
bleach or
quat
solution,
what is the
concentratio
n? What is
A. Amount
the unit of
B. Unit of Measure
measure for
this
concentratio
n? [For
example,
Parts per
million
(ppm)]
Question
Answers
(Select one)
C. In general,
about how
1. More than once a day
often do
you and/or
2. Daily
your staff
discard the
3. Weekly
contents of

-7. Refused

-8. Don’t
know

-7. Refused

-8. Don’t
know

Comments
-7. Refused
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-8. Don’t
know

a bottle of
bleach
cleaning
solution
and prepare
a new
solution?
13-1. Are
dishes
washed in
your
facility?
[If No,
Don’t
know, or
Refused,
go to
Question
14]
13-2. Which of
the
following
methods
are used
to
sanitize
dishes in
you
facility?

4. Monthly
5. Less often than
monthly
6. Do not use bleach
cleaning solutions
1. Yes
2. No

(Read list and select all
that apply)
1. Submerge dishes in a
Steramine solution
2. Submerge dishes in
hot water at least
170oF
3. Submerge dishes in a
Chlorine solution
4. Submerge dishes in
an lodine solution
5. Submerge dishes in a
Quaternary
Ammonium solution
6. User a spray on or
wipe on chlorine,
Iodine, or Quaternary
Ammonium sanitizer
7. Use a dish machine
(e.g. dishwasher)

-7. Refused

-8. Don’t
know

-7. Refused

-8. Don’t
know
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with a sanitizing
cycle
8. Other
(specify:__________
___________)
14. What type of flooring is present in the __________ [insert A-D below] room(s)?
[For A-D below, select all that apply]
a. Infant
b. Toddler
c. Combined
d. Other
(Children 0-12
(Children 13-36
Infant/Toddler
(Children 3-5 years
months old)
months old)
(Children 0-36
of age)
months old)
1. Wall-to-wall 1. Wall-to-wall
1. Wall-to-wall
1. Wall-to-wall
carpet / Area
carpet / Area
carpet / Area rugs
carpet / Area rugs
rugs
rugs
2. Hard surface
2. Hard surface
2. Hard surface 2. Hard surface
flooring (e.g.,
flooring (e.g.,
flooring
flooring (e.g.,
wood, laminate,
wood, laminate,
(e.g., wood,
wood,
tile, etc.)
tile, etc.)
laminate,
laminate, tile,
3. Other
3. Other
tile, etc.)
etc.)
(specify:
(specify:
3. Other
3. Other
______________
_____________)
(specify:
__)
4. Do not have
(specify:
____________
4. Do not have
“other” room(s)
_____________)
)
combined
-7. Refused
infant/toddler
4. Do not have 4. Do not have
room(s)
infant room(s)
-8. Don’t know
toddler room(s)
-7. Refused
-7. Refused
-7. Refused
-8. Don’t know
-8. Don’t know -8. Don’t know
[If did not select Wall-to-wall carpet/Area rugs for Questions 14A-14D, go to
Question 18.]
15. What specific areas of the ________[ Only insert names of rooms (e.g., A-D
below) that have wall-to-wall carpet/area rugs] room(s) have carpeting and/or area
rugs?[For A-D below, select all that apply]
a. Infant
d. Other
b. Toddler
c. Combined
(Children 3-5
(Children 0-12
Infant/Toddler
(Children 13-36
months old)
years of age)
(Children 0-36 months
months old)
old)
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1. Play areas
2. Sleeping areas
3. Diaper change
areas
4. Eating areas
5. Food preparation
areas
6. Other
(specify:
_____________)
-7. Refused
-8. Don’t know

1. Play areas
1. Play areas
1. Play areas
2. Sleeping areas 2. Sleeping areas
2. Sleeping
3. Diaper change 3. Diaper change areas areas
areas
4. Eating areas
3. Diaper
4. Eating areas
5. Food preparation
change areas
5. Food
areas
4. Eating areas
preparation areas
6. Other (specify:
5. Food
6. Other
_____________)
preparation
-7. Refused
(specify:
areas
______________) -8. Don’t know
6. Other
(specify:
-7. Refused
___________)
-7. Refused
-8. Don’t know
-8. Don’t
know

Question
16. How often are
these rugs and/or
carpets vacuumed?

Answers
(Read list and
select one)
1. More than
once a day
2. Daily
3. Weekly
4. Less often than
weekly

17a. Do you steam
clean these rugs
and/or carpets?

1. Yes

17b. If yes, how
often?

2. No

(Read list and
select one)
1. Daily
2. Weekly
3. Monthly

Comments
-7. Refused

-8. Don’t
know

-7. Refused

-8. Don’t
know

-7. Refused

-8. Don’t
know

4. Less often than
monthly
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18. Excluding wallto-wall carpets/areas
rugs, about how often
are other flooring
surfaces washed in
your facility? (Other
flooring surfaces
include but are not
limited to hard
surface floors or mats
made of wood,
laminate, tile, rubber,
etc.)

(Read list and
select one)
1. Daily
2. Weekly
3. Monthly
4. Less often than
monthly

Answers
(Select one)
19. Does your facility 1. Yes, verbal
have written or verbal
procedures
procedures for
cleaning vomitus and Specify:
fecal matter? If yes,
2. Yes, written
what are these
procedures
procedures?
Specify:

-7. Refused

-8. Don’t
know

Question

Comments
-7. Refused

3. No procedures
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-8. Don’t
know

APPENDIX N
Child-Care Q&A Sheet

Q. What is the purpose of the Carolinas Child-Care Study?
A. The purpose is to identify risk factors for foodborne illness in child-care facilities and
to develop training materials for educators who train child-care workers.
Q. What will your participation involve?
A. The site visit will last between 2 and 3-hours. During our visit, we will have
you complete a short questionnaire about your facility. We will also observe providers in
the infant and toddler rooms and we will collect samples from their hands and surfaces to
determine possible sources of contamination. In addition, we will visit your facility’s
kitchen to complete a checklist and collect microbial samples from one food handler’s
hands. Per university policy, we must get permission from individual employees before
observing them and/or collecting samples from their hands.
Q. Will the data be kept confidential?
A. Absolutely. All data are being collected exclusively for statistically purposes and
will be kept completely confidential. To maintain confidentiality of the data, each
facility will be assigned a unique identification number (ID) so that individual facilities
cannot be identified. The study results will be reported and published only in aggregate
form. This is not an inspection, and the results for your facility will be kept completely
confidential. We will not and cannot per federal law provide the results of the interview,
the observation, the microbial sampling or the environmental checklist to the state
licensing agency.
Q. Why should I participate?
A. By allowing us to visit your facility, you are helping us to identify foodborne
illness risk factors in the child-care environment. We believe that findings from this
study has the potential to greatly reduce foodborne illness in child-care. To thank you for
your participation, you will receive four children’s books that you can use in your
facility. We will also send you a copy of the study findings, including the microbial
analysis results of the surface sampling for your facility.
Q. Who can I contact to get more information about this study?
A. For more information, please contact:
Angela Fraser, Ph.D.
Associate Professor/Food Safety Specialist
Department of Food Science and Human Nutrition
206 Poole
Clemson University
Clemson, SC 29634
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Phone: 864.656.3652
E-mail: afraser@clemson.edu
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